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ABSTRACT 
 
VIRGINIA TRANSPORTATION FUNDING: 
 
AN ANALYSIS OF ENHANCING THE SECONDARY HIGHWAY SYSTEM 
CONSTRUCTION ALLOCATION MODEL USING BRIAN D. TAYLOR’S 
GEOGRAPHIC EQUITY CRITERIA   
 
By Thomas Wendell Point 
 
A dissertation submitted in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy at Virginia Commonwealth University 
 
Virginia Commonwealth University, 2012 
 
Blue Wooldridge, D.P.A. 
L. Douglas Wilder School of Government and Public Affairs 
 
The focus of this research is Virginia’s Secondary Highway Construction System funding 
allocations and its impact on statewide deficient lane miles reduction.  The research question guiding 
this study is: “Which of the four allocation models -- the current Secondary Highway System 
allocation model or one of three alternatives of this model based on Brian D. Taylor’s geographic 
equity categories (outcome, opportunity, and market) best maximizes statewide deficient lane miles 
reductions?”  Taylor defines each of these geographic equity categories (independent variables for this 
study) for all levels of government.  While Taylor’s research focus has been on equity as it relates to 
transit and congestion pricing, this study applied his construct to highways. 
As a result of scanning subjects related to transportation, the need for this study became 
apparent.  Since the 1980’s, Virginia’s highway allocation formula has not changed (Virginia 
Department of Transportation, 2005).  The Virginia General Assembly has sponsored follow-up 
studies through a series of resolutions over the years (Auditor of Pubic Accounts, 2004).  To date, 
xviii 
 
none of the legislatively sponsored research findings have prompted an update of Virginia’s highway 
allocation formula (Virginia Transportation Research Council, 2008). 
There is a significant academic and professional literature on federal transportation politics and 
specific transportation engineering issues.  However, there is very limited research on the 
development of state level highway transportation funding methodologies.  
This study used the quantitative research approach, which is concerned with determining the 
relationship between one factor (an independent variable) and another (a dependent or outcome 
variable) in a population (Walker, 2005, Newman, 1998, and Geddes, 1990).  Therefore, this study 
employed the quantitative research approach to study cause and effect (Mulhall, 2004, Loughborough, 
1995, and Collier 1995) relationships of Virginia’s Secondary construction allocations to individual 
counties and statewide deficient lane miles reductions overall.  The .20 portion of the formula for area 
was examined because this data rarely changes due to locality annexations.  Conversely, the .80 
portion of the formula was excluded from the analysis because of the demographic variability due to 
population shifts.  As such, the Federal Highway Administration and states update population statistics 
from the decennial census with the apportionment of funds for formula based programs such as 
Virginia’s Secondary Highway Construction program (Federal Register, 2002). 
This researcher concluded that of the four geographic allocation models, the geographic 
opportunity equity maximized an additional 4.15 statewide deficient lane miles reductions over the 
baseline model.  This study recommends using the geographic opportunity equity model when 
allocating Virginia’s Secondary Highway Construction funds to maximize the statewide deficient lane 
miles reductions above the baseline model, the geographic market equity model and the geographic 
outcome equity model.   
1 
 
Chapter 1 
Introduction 
Research Problem 
 
Virginia’s transportation highway system has been challenged with providing appropriate 
infrastructure for its traveling public.  With federal and state fuel taxes rising much slowly than travel 
volume and system costs, legislators are looking for new money to help build, operate, and maintain 
the transportation system (Brookings Institute, 2003).  Hence, the highway transportation decisions 
that are made impact citizen quality of life, the environment, economic development, movement of 
goods and services, and national defense, to name a few (Bowman, 2009, Boarnet, 2000).  Central to 
these decisions and resultant impacts is the application of Virginia’s highway transportation funding 
allocation process.  During the last few years, advocacy organizations, politicians, and citizens have 
become increasingly critical of Virginia’s highway transportation funding process.  Overtime, debates 
have surfaced that current transportation funding levels are insufficient to address highway 
maintenance and improvements on Virginia’s highway transportation system, leading to increased 
roadway congestion and deterioration (TRIP, 2011).  As a result, Virginia’s competitive advantage as 
a major transportation hub of the eastern U.S. is threatened by increasing traffic congestion and the 
inability of the state to fund needed transportation infrastructure improvements (TRIP, 2011). 
For instance, in November 2009, the Conservative Network published four balanced 
transportation system goals, of which two focused on funding.  Specifically, they supported 
associating transportation funding to measurable performance criteria, such as reduced air pollution 
from vehicles and reduced per capita vehicle miles traveled.  The Conservative Network also 
supported amending Virginia’s transportation funding allocation formulas from a single statewide 
2 
 
formula in order to give regions flexibility to determine the funding levels for various transportation 
modes – above certain minimum levels - that best meet their needs (Virginia Conservative Network 
Association, 2009). 
In addition to these issues, below are further challenges and concerns facing highway 
transportation allocations in Virginia: 
 Since the 1980’s, Virginia’s highway allocation formula has not changed (Virginia 
Department of Transportation, 2005, Committee Report, 1998).  The Virginia General 
Assembly has sponsored follow-up studies through a series of resolutions over the years 
(Auditor of Pubic Accounts, 2004, Commonwealth of Virginia, 2005).  To date, none of 
the legislatively sponsored research findings have prompted an update of Virginia’s 
highway allocation formula (Virginia Transportation Research Council, 2008).   
 Virginia’s highway allocation funding adjustments and program priorities are not 
sufficiently flexible to incorporate federal funding and cash management changes (Auditor 
of Public Accounts, 2004, Grimes, 2006, JLARC 2001, JLARC 1984). 
 The Virginia General Assembly enacted the 40/30/30 formula distribution both among and 
within the Primary, Secondary, and Urban construction highway systems in 1985 (Virginia 
Department of Transportation, 2005, JLARC 1997, JLARC 1993).  That is, 40% of the 
funds are directed to the Primary System and 30% each is directed to the Urban and 
Secondary Systems.  This formula for distribution within these systems has not changed 
since 1985 (Virginia Transportation Research Council, 2008).  Consequently, there has 
been growing citizen and political concerns that the Commonwealth of Virginia should 
amend its highway transportation methodology, noted in Section 33.1-23 of the Code of 
Virginia, to address critical needs (Haner, 2005). 
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 There have been many recent failed attempts to raise transportation funds in Virginia.  In 
the 2008 General Assembly, various attempts to raise transportation funds through the 
imposition of an additional gas tax, sales tax, and registration fee for overweight trucks all 
failed (Miller, 2009).  On February 29, 2008, the Virginia Supreme Court struck down as 
unconstitutional regional transportation authorities' ability to raise revenue through the 
imposition of an additional annual vehicle license fee, an additional initial vehicle 
registration fee, an additional vehicle inspection fee, a local sales and use tax on vehicle 
repairs, a regional congestion relief fee, a local rental car transportation fee, and an 
additional transient occupancy tax (Revels, 2008). 
 VDOT's budget has been shrinking due to the repeal of the abusive driver fees; significant 
reductions in motor vehicle sales and use taxes; and reductions in vehicle license fees, 
retail sales, and recordation taxes (Revels, September 2008). 
 In the April 2010 Statehouse News (Cunningham), Virginia Governor Bob McDonnell said 
that “lawmakers need more recommendations to improve the operations, maintenance, 
finance, and construction practices of VDOT before funding solutions can be found.”  
Later in the article, Delegate Bob Brink, D-Arlington, stated that “Virginia’s funding 
formula is out-of-date and has historically short-changed Northern Virginia.” 
 At the 2010 Chamber Free Enterprise Forum Luncheon in Charlottesville, Virginia, Sean 
Connaughton - the Virginia Secretary of Transportation, while reviewing projects of 
interest stated that, “I do say it’s a challenge for you all, because we can’t get some of these 
projects forward, because we can’t get a consensus there.  Quite honestly, what money we 
do have is moving to other parts of the state where there is a stronger political and public 
support for various projects to move forward.” (The Daily Progress, September 21, 2010). 
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Nonetheless, one could contend that because no action has been taken on the various issues 
raised and on legislative study resolutions, perhaps the current Virginia highway allocation funding 
process meets its intent.  However, this study argues that corrective actions should be taken based on 
the analysis of new Secondary Highway System Construction geographic equity criteria allocations to 
maximize statewide deficient lane miles reductions.    
 Another significant factor for studying this subject became apparent when this researcher was 
employed in positions as a Budget Manager, Senior Policy Analyst, and Economist with the Virginia 
Department of Transportation (VDOT) during the early 1990’s.  One of his responsibilities was to 
manage the Six-Year programmatic allocation of state and federal transportation funds wherein the 
first year of this program became VDOT’s budget.  The researcher discovered that information from 
published sources such as the Research and Innovative Technology Administration’s Federal Bureau 
of Transportation Statistics; the United States Department of Transportation; the Federal Highway 
Administration; the American Association of State Highway Transportation Officials  (AASHTO); the 
Transportation Research Board; the Transportation Library of Massachusetts; Joint Legislative Audit 
and Review and the Virginia Transportation Research Council had limited locality specific published 
information on improving Virginia’s transportation allocation process.  Rather, these sources focus on 
total state or system results.  The most cited sources for this information were from the Office of 
Highway Policy Information, and the Federal Highway Administration’s publication entitled 
“Highway Taxes and Fees (1998, 2008), How They Are Collected and Distributed.”  This publication 
provides a wide range of state and federal transportation funding information that will be shown in the 
study’s appendix; this information is utilized by the Federal Highway Administration and the United 
States Department of Transportation to determine federal direct and indirect apportionment categories 
for each state.  According to its description, it presents tabular information on state and federal laws 
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that provide for the taxation of motor fuels, motor vehicles, motor carriers, and licensed drivers, and 
the distribution of these taxes and fees (Federal Highway Administration, 2008). 
The Federal Highway Administration also provides a briefing sheet on individual state data 
comparisons by category (Federal Highway Administration, 2008).  This report will be shown in the 
study’s appendix, and provides U.S. Census 2000 population by state which is further defined by 
urban and rural categories; motor fuel used on highways; number of private and commercial vehicles; 
number of licensed drivers; vehicle miles traveled; payments into the Highway Trust Fund; Federal 
apportionments; state highway user revenues; expenditures for state administered highways; and 
highway expenditures to all units of government (Federal Highway Administration, 2008).  
Unfortunately, neither of these periodicals provides the historical and political background foundation 
for Virginia’s allocation methodology of transportation funding.  
Considering these issues that impact Virginia’s traveling public, this study provides a unique 
approach to understanding highway transportation allocations in Virginia.  Most debates over 
transportation funding involve perceived local needs that are greater than other jurisdictions (Grimes, 
2006).  For instance, from the mid 1960’s to the early 1980’s Virginia employed the concept of pay-
as-you-go financing for highway transportation (TRIP, 2011, Virginia Research Council, 1999).  This 
funding concept, focused on improving the worst roads first, was agreeable to politicians in 
southwestern Virginia because of the high concentration of dirt roads required to be paved (Whitley - 
Richmond Times Dispatch, September 23, 2010).  However this financing concept changed in 1985 
when Governor Gerald Baliles announced, as one of his administration’s major objectives, to reform 
transportation by increasing funding to the golden crescent of Northern Virginia, Richmond, and 
Tidewater to reduce traffic congestion (Revels, 2008).  This change in policy would have a net 
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decrease in available funding for rural counties to spend on inter-city and farm-to-market roads 
(Virginia Conservative Network Association, 2009).   
 
Research Purpose and Expected Outcomes 
The purpose of this study is to determine which of the four geographic allocation models -- 
the current Virginia Secondary Highway System allocation model or one of three alternatives to 
this model based on Brian D. Taylor’s geographic equity categories (outcome, opportunity, and 
market) best maximizes statewide deficient lane miles reductions.  While Taylor’s research focus 
has been on equity as it relates to transit and congestion pricing, this study will apply his construct to 
Virginia’s Secondary highway system allocations and to its statewide deficient lane miles reductions.   
This study will use a quantitative study approach fortified by an exploration of literature with 
regards to geographic equity theories and usages, equity in transportation, and decision theories 
wherein equity is a key component in the development of highway transportation funding in Virginia.  
The primary goal of this study is to apply quantitative variables based on defined geographic equity 
criteria (outcome, opportunity, and market) to determine which one best maximizes statewide 
deficient lane miles reductions.  Deficient lane miles are defined as a stretch of county roadway with a 
Critical Condition Index (CCI) below 59 where a corrective action via total construction replacement 
or significant construction resurfacing needs to occur.  They will be incorporated into the distribution 
of Secondary Highway System Construction funds for Virginia and compared against the baseline 
actual results from fiscal year 2009.   
This process will determine the results of new distribution amounts of the Secondary Highway 
Construction funds allocation model by county and construction district, which is constrained 
statewide in terms of total dollars.  To determine the statewide deficient lane miles reductions,the new 
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distribution amounts will be converted by using the cost of construction district lane mile (which 
includes counties) and summed for a statewide total.  The indicators of need for this analysis are 
deficient Virginia county lane mileage defined in the “2009 State of the Pavement Results for 
Secondary Roads” report (Virginia Department of Transportation, 2009).   
This study is not concerned with building a new allocation model but rather with modifying 
the existing model to evaluate how the introduction of geographic equity criteria indicators (IV or 
independent variables).  The geographic indicators are; for market equity, utilizing 2009 county sales 
tax revenue, for opportunity equity utilizing equal shares of the 2009 statewide Secondary 
Construction allocations for each county, and for outcome equity utilizing a statistic distributional 
factor of total needs to equal 2009 Secondary Construction allocations statewide.  These financial 
allocations by geographic equity category (market, opportunity, and outcome) will then be divided by 
the cost of constructing a lane mile as defined in the Virginia report of asphalt paved roadway values 
(October 2000).  The summation of the county results will determine the amount of statewide deficient 
lane miles reductions. 
As a result, the expected outcome of this study is its contribution to transportation funding 
discourse in Virginia.  It will provide alternative analytical variables to approaching its strategic 
highway transportation allocation issues with regards to statewide deficient lane miles reductions.   
 
Significance of the Study 
We live in a time when many experiences are realized in cycles.  For instance, an individual, 
locality, state, or nation may experience prosperity during one block of time and soon, thereafter, 
experience an economic downturn (Litman, 2005).  During periods of economic prosperity, 
unemployment is low, government sponsored economic development projects are progressing, and 
almost everyone is content (Balducci, et al 2009).  People become more certain of their economic 
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futures and take chances like accepting employment with smaller, less established firms, entering into 
long-term financing arrangements for large ticket items such as a home mortgage, and consuming 
other durable goods at record paces (Ward, 2005).  However, during periods of fiscal uncertainty, 
individuals become more fiscal conscious thereby foregoing certain economic opportunities.   
In addition, questions arise as to whether governmental actions and processes are conducted in 
the most efficient and effective manners (Wachs, 2005).  As a result of the fiduciary responsibility 
bestowed on the public sector, taxpayers, legislators, and interest groups constantly ask questions as to 
how well a governmental service is being delivered (effectiveness) and whether the maximum 
quantity of public benefit or useful output is being delivered given current levels of governmental 
service inputs  referred to as efficiency (Rosenbloom, 2008).  
The questions of efficiency and effectiveness are frequently asked of public sector 
organizations (Sanchez, 2007).  These questions appear to be more prevelant with large agencies, at 
both state and federal levels, dealing with education, social services, health, highway, and other major 
policy issues (Zhoa, 2010, Holcombe, 2002).  Each of these agencies has a large staff, a substantial 
budget, and large buildings; they command significant amounts of attention during legislative 
sessions, and impact a great number of constituents (Gunning, 2003).   
Concerning the Virginia Department of Transportation, the questions of efficiency and 
effectiveness arise because of the direct impacts on service delivery and on the quality of life (Chu, 
2010).  These sorts of questions, in the context of equity, are asked when a road or bridge is not 
accommodating full travel capacity, resulting in large traffic build-ups as experienced in Northern 
Virginia’s “Mixing Bowl.”  At this location, Interstates 95, 395, and 495 converge, resulting in traffic 
volumes which greatly exceed the Virginia Department of Transportation’s ability to maintain and 
supply adequate lane mileage (Washington Post, 2005, SJR 60, 2006).   
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Virginia’s highway transportation issues have caused citizen and political uproar over the 
opportunity costs of traffic congestions (Northern Virginia Transportation Alliance, 2010).  
Opportunity costs are the alternatives that must be forgone in order to pursue a certain action.  That is, 
the benefits one could have received by taking an alternative action (Investopedia, 2010).  These sorts 
of missed opportunities could have local, state, and/or national implications.  For instance, the 
opportunity costs traffic congestions causes approximately 38 annual hours of delay for the average 
urban motorist in Virginia.  This equates to nearly one full work week (TRIP, 2011)   
Highway transportation funding impacts all levels of government directly and indirectly.  At 
the local level, in what Goldman and Wachs called a “quiet revolution,” governments have struggled 
to develop new and different ways of financing transportation (Rosenbloom, 2009).  Table 1 is a 
reminder of the extent of state and local governments in the United States.  As shown in this table, the 
federal government is but one of 38,917 “general purpose” governments (including states, counties, 
municipalities, towns and townships), most with highway responsibilities.  Also, of the “special 
districts” identified by the Bureau of the Census, almost 1,200 had transportation as their primary 
purpose, 723 districts whose primary purpose was “highways” and another 481 whose purpose was 
“air transportation.”   
         Table 1. Governments in the United States 
Counties  3,031  
Municipalities  19,522  
Towns and townships  16,364  
School districts  12,884  
Special purpose districts  37,203  
Total  89,004 
Source:  Bureau of Census on Governments – Preliminary Count of Local Governments by Type and State, 2012,  
accessed on November 1, 2012. 
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Virginia’s highway transportation system is a vital element in the state’s economy because of 
its integral role with the movement of goods and people, shaping economic development initiatives, 
and impacting population shifts (Joint Legislative Audit and Review Commission, 2001).  It is the 
third largest state-maintained highway system in the United States.  Only Texas and North Carolina 
have larger highway systems (Virginia Department of Transportation, 2005).  Virginia’s 57,082 miles 
of state-maintained highway system are divided into the following programmatic categories (Virginia 
Department of Transportation, 2009): 
 The Interstate System comprises 1,118 miles of four-to-ten lane highways that connect 
states and major cities. 
 The Primary System includes 8,500 miles of two-to-six lane roads that connect cities and 
towns with each other and with interstates. 
 The largest system, called the Secondary System, has 48,305 miles of local connector 
and county roads.   
 Through the transportation funding allocation process, funding is also provided to cities 
and towns for the maintenance of 13,869 miles of urban streets statewide. 
In addition to the state-maintained lane mileage, Virginia’s highway transportation funding 
provides salaries for over 10,000 transportation employees who maintain 12,603 bridges, four 
underwater crossings, two mountain tunnels, four ferry services, forty-one rest areas, ten Welcome 
Centers, and 107 commuter parking lots (Virginia Department of Transportation, 2007).  To pay for 
these operating expenses, VDOT receives over three billion dollars annually from federal, state, and 
local sources (Northern Virginia Transportation Alliance, 2010).  This non general fund allocation 
represents approximately fourteen percent of the Commonwealth of Virginia’s annual budget.  
Consequently, transportation becomes a significant public policy issue during legislative sessions 
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(Daily Progress, 2010).  As shown in Table 2, since 1995 through 2009, the Virginia Legislative 
Services has reported that 1,418 introduced transportation related bills by category: 
Table 2.  Introduced Transportation Related Bills in Virginia  
 
Year 
Highway, Bridges, and 
Ferries 
 
Motor 
Fuels 
 
Transportation 
 
Total 
1995 51 9 32 92 
1996 60 9 25 94 
1997 71 9 27 107 
1998 75 9 30 114 
1999 114 8 50 172 
2000 106 13 53 172 
2001 114 14 50 178 
2002 78 7 51 136 
2003 115 9 54 178 
2004 108 16 51 175 
2005 118 255 75 448 
2006 122 213 129 464 
2007 116 208 135 459 
2008 111 172 163 446 
2009 99 241 192 532 
Total 1458 1192 1117 3767 
Source:  Virginia Legislative Services, 2010 
 
These Virginia highway transportation related legislative bills range from the naming of a 
boulevard (Darrell Green Boulevard – SB 1004), to increasing the motor fuels tax (HB 60), to real 
estate property acquisition (SB 277), to a constitutional amendment (SJ 60).  A listing of the 
individual bills enumerated in Table 2 is also listed in the appendix.   
The research process and results of this study will contribute to transportation literature by 
filling a void in providing geographic equity criteria considerations to understanding Virginia’s 
historical highway funding allocation processes.  This study ultimately provides a sound process of 
framing an understanding of Virginia’s highway transportation allocation process by defining the “as-
is” environment with the distribution of federal and state motor fuel taxes and fees.  In addition, this 
study provides theoretical perspectives regarding public sectoring finance and management. 
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Research Focus 
The focus of this research is Virginia’s Secondary Highway Construction System funding 
allocations and its impact on statewide  deficient lane miles reductions.  The Secondary Highway 
System comprises 48,305 miles of local connector and county roads with route numbers greater than 
600 (Virginia Department of Transportation, 2009).  These numbers are only unique with each county, 
and routes that cross county lines generally, but not always, keep their numbering (Virginia 
Department of Transportation, 2009).  Figure 1 contains a map identifying the counties (and 
independent cities) within the Commonwealth of Virginia. 
Figure 1.  Counties in Virginia 
Since 1986, the Virginia Department of Transportation (VDOT) allocates Secondary Highway 
System Construction dollars by state formula with no input from local policy makers.  In turn, during 
the planning process, local needs are then associated with allocated dollars.  These financially 
constrained county planned projects are published annually in the Virginia Department of 
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Transportation’s Six-Year Construction Program (Transportation and Mobility Planning Division – 
VDOT, 2005). 
 
Virginia’s Current Highway Systems Funds Distribution Methodology 
The Commonwealth of Virginia receives federal, state and local revenues to support its 
highway transportation system (Virginia Department of Transportation, 2009).  Today, these highway 
revenues amount to more than $4 billion annually, and consist of various motor vehicle fees, taxes and 
permits (Virginia Department of Transportation, 2006).  The current Code of Virginia prescribes the 
allocation formula and the specific order the Virginia Department of Transportation (VDOT) must use 
to distribute its annual highway revenues (Virginia Department of Transportation, 2002).  There are 
two legislatively defined fund categories for Virginia’s transportation programs and funding (Virginia 
Department of Transportation, 2009).  Those fund categories are the Highway Maintenance and 
Operating Fund (HMOF), where the maintenance program is the major program, and the 
Transportation Trust Fund (TTF), where the construction program is the major program (Revels, 
2007).  In terms of program funding priorities, VDOT must first set aside funds, or take funds “off the 
top,” before the application of the allocation formula is applied (Virginia Department of 
Transportation 2002).  The remaining funds, after the “off the top” items, then flow through the  
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formula (Joint Legislative Audit and Review Commission, 2001).  In essence, VDOT allocates the 
highway funds as follows: 
1.  “Off the Top” Items that are Budgeted Prior to Highway Formula Allocation: 
 VDOT is statutorily required to fund Highway Maintenance Programs first, then general 
and administrative expenses (Section 33.2-41.1 of the Code of Virginia).  The Highway 
Maintenance Programs include payments to cities and towns as well as the counties of 
Henrico and Arlington.  (Sections 33.1-23.1(A), 33.1-41.1, and 33.1-25.5:1 of the Code of 
Virginia).  The general and administrative expenses are earmarked for VDOT’s general 
operating expenses and payroll (Section 33.1.23.1(B) of the Code of Virginia).   
 Series 2003A Federal Revenue Anticipation Notes (FRAN) Debt Service.  A FRAN is a 
debt-financing instrument that permits VDOT to pledge future federal highway funds to 
repay investors.  The General Assembly has the authority to set FRAN spending limits 
(Virginia Department of Transportation, 1999). 
 Interstate Matching Funds is the required state funding match for federal interstate funded 
projects (Section 33.1.23.1:2 of the Code of Virginia). 
 5.67 Percent of the remaining state funds are to be used for Unpaved Secondary Roads 
(Section 33.1.23.1:1 of the Code of Virginia). 
2.  Remaining Transportation Trust Fund (TTF) revenues are distributed using the following 
system allocation formula.  None of the transportation funds go directly to localities (Virginia 
Department of Transportation, 2009).  According to the Primer of Transportation Finance in Virginia, 
30% of the TTF revenues are earmarked for the Secondary Highway System and Urban Highway 
System, respectively (Virginia Department of Transportation, 2002).  The remaining 40% of the TTF 
revenues are earmarked for the state’s Interstate and Primary Highway System (Virginia 
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Transportation Research Council, 2008).  VDOT refers to these system allocations as either “formula 
allocations” or the “40/30/30 split” (Northern Virginia Transportation Commission, 2010). 
The current Code of Virginia provides further requirements regarding locality specific 
distributions of these system allocation formula funds in the following manner: 
1.  The 40 Percent Primary System allocation is distributed to each of the nine construction 
districts based for primary roads by weighted factors of 70 percent for vehicle miles traveled (VMT), 
25 percent for lane miles, and 5 percent for the primary road need factor (Sections 33.1-23.1 (B1) and 
33.1-23.2 of the Code of Virginia) 
2.  The 30 Percent Secondary System allocation is distributed to each of the counties’ 
secondary roads program based on population and land area by factors weighted as 80 percent for 
population and 20 percent for land area (Sections 33.1-23.1 (B3) and 33.1-23.4 of the Code of 
Virginia). 
3.  The remaining 30 Percent Urban System allocation is distributed to cities and towns with 
populations over 3,500 in proportion to the population of the cities and towns to the total population of 
all eligible cities and towns (Sections 33.1-23.1 (B2), 33.1-23.2, and 33.1-44 of the Code of Virginia).  
That is, this allocation is based on 100% population. 
VDOT uses the 40/30/30 allocations to determine annual available funding for the highway 
systems, which forms the basis for the Six-Year (Construction) Program (SYP) (Virginia Department 
of Transportation, 2009).  The funding in the Six-Year (Construction) Program is based on the 
Commonwealth of Virginia’s state and federal revenue estimates (Virginia Transportation Research 
Council, 2008).  Figure 1 provides a graphical depiction of the aforementioned highway allocation 
processes. 
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Figure 2:  Virginia’s Highway Transportation Revenue and Allocation Process 
 
Source:  Commonwealth of Virginia Auditor of Public Accounts, Special Review of Cash Management and   
Budgetary Practices, July 2002, page 20. 
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 The issues with Virginia’s current Secondary Highway System Construction allocation model 
are: 
1. The current system for allocating Secondary Highway System Construction funds seems 
outdated and needs to be revised so that these funds are equitably allocated. 
2. There is an apparent disjoint between local county officials identifying projects and 
associated costs and the state formula allocation of secondary funds. 
3. There has been no cohesive economic or strategic adjustment to the secondary construction 
allocation model since its inception. 
There are many ways to maximize the statewide deficient lane miles reduction for the 
Secondary Highway System in Virginia.  One such way is the application of geographic equity criteria 
as defined by Brian D. Taylor. 
Brian D. Taylor (2004), stated in his chapter entitled “The Geography of Urban Transportation 
Finance,” that; 
“Public finance scholars tend to focus on individual equity, advocates and activists are 
more likely to focus on group equity, while elected officials are concerned most with 
geographic equity.  This is because representation in the United States is organized 
geographically into a hierarchy of jurisdictions.  And because it is the elected officials who 
oversee the collection and distribution of transportation finances equity considerations 
center, first and foremost, on questions of geographic equity.”   
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Below is a chart which Taylor (2010) provides a comparison of these equity areas in relation to 
market equity, opportunity equity, and outcome equity in transportation finance. 
Type of Equity 
 
Unit of Analysis Market Equity Opportunity 
Equity 
Outcome Equity 
Geographic 
 
States, counties, 
legislative districts, 
etc. 
 
 
Transportation 
spending in each 
jurisdiction matches 
revenue collections 
in that jurisdiction. 
 
 
Transportation 
spending is 
proportionately 
equal across 
jurisdictions.  
 
 
Spending in each 
jurisdiction produces 
equal levels of 
transportation 
capacity/service.  
Group 
 
Modal interests, 
racial/ethnic 
groups, etc. 
 
 
Each group receives 
transportation 
spending/benefits in 
proportion of taxes 
paid. 
 
 
Each group receives 
a proportionally 
equal share of 
transportation 
resources 
 
 
Transportation 
spending produces 
equal levels of 
access or mobility 
across groups. 
Individual 
 
Residents, voters, 
travelers, etc. 
 
 
The prices/taxes paid 
by individuals for 
transportation should 
be proportional to 
the costs imposed. 
 
 
Transportation 
spending per person 
is equal. 
 
 
Transportation 
spending equalizes 
individual access or 
mobility. 
Table 3.  Brian D. Taylor’s Equity Types 
This research will apply Brian Taylor’s geographic equity construct to Virginia’s existing 
Secondary Highway Construction System allocation model (.80 population + .20 area).  However, as 
previously justified, this study will only focus on current .20 area from the existing model with regards 
to geographic (county, construction district, and statewide) units of analysis for market equity, for 
opportunity equity, and for outcome equity.  These geographic equity categories along with the current 
Secondary Highway Construction allocation model will be assessed to determine which one best 
maximizes statewide deficient lane miles reductions.   
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The selection of geographic distributions has been chosen for this study because Virginia’s 
elected General Assembly is responsible for how these funds are distributed (geographically by 
county) as defined by the Code of Virginia.   
Since Brian Taylor’s transit/congestion pricing geographic equity premises are open to the 
practitioner’s application, this study will utilize for need indicators deficient Virginia county lane 
mileage as defined in the “2009 State of the Pavement Results for Secondary Roads” report (Virginia 
Department of Transportation, 2009).  In this report, deficient lane miles are defined as a stretch of 
county roadway with a Critical Condition Index (CCI) below 59 where a corrective action via total 
construction replacement or significant construction resurfacing needs to occur.  These actions will be 
financed with Secondary Highway Construction Program funds, thereby listed in VDOT’s Six-Year 
Construction Program, instead of through Asset Management (Maintenance) Program funds. 
This study utilized the existing Secondary Highway Construction allocation results for 
Virginia as its baseline model for a comparison against three other geographic equity allocation 
groups.  This methodology allocating financial and human resources has been extensively used on the 
areas of education (Sanchez, 2003), social services (Kelley, 2005), parks and recreation (Pastor, 
2005), police and fire protection (Gibson, 2002).  To this end, the Virginia Secondary Highway 
Construction transportation model is a hybrid geographic equity model with characteristics of 
geographic opportunity equity and geographic outcome equity.  This hybrid geographic equity model 
was developed in 1985 to comply with the Code of Virginia, Sections 33.1-23.1 (B3) and 33.1-23.4.   
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This code citation states: 
Secondary System – “allocated to each county in proportion that each county bears to the 
Commonwealth in terms of area and population.  Population weighted 80% and Area 
weighted 20%.”  
 
Expressed mathematically, CSA = [0.80 *(CP/TP) + 0.20 * (CA/TA)] *TF 
                            where 
 CSA = County Secondary Allocation 
 CP = County Population 
 TP = Total Population 
 CA = County Area 
 TA = Total Area 
                     and  TF = Total Funds 
However, for this study the researcher focused on the .20 area distribution amount from the 
current Secondary Highway Construction model.  Expressed mathematically, this allocation model is; 
Expressed mathematically, CSA  = 0.20 * (CA/TA)* TF 
                            where 
 CSA = County Secondary Allocation 
 CA = County Area 
 TA = Total Area 
                     and  TF = Total Funds 
 Section 33.1-23.4 of the Code of Virginia for the allocation of construction funds within the 
secondary system defines area as “the total land area of a county reduced by the area of any military 
reservations and state or national parks or forests within its boundaries and such other similar areas 
and facilities of five square miles in area or more, as may be determined by the Commonwealth 
Transportation Board.” 
 The justification for using Secondary highway allocation data is that the majority of Virginia’s 
roadways are included within the counties unlike primary and urban roadways (Commonwealth 
Transportation Board, 2002).  Another justification for analyzing county specific Secondary 
Construction allocations is that it is the most challenging area to implement changes because of the 
historical and political debates and the number of citizens within its confines (Cunningham, 2010).  
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More importantly, the Secondary System data plays a prominent role to determine Virginia’s annual 
and six-year projected transportation allocations (Virginia Department of Transportation, 2009). 
The focal point for this study will be ninety five (95) counties in the Commonwealth of 
Virginia that are summed into their respective VDOT construction district and then  to a statewide 
total.  A listing of the counties in each construction district along with the current model (.80 
population multiplied by .20) allocations and statewide deficient lane miles reductions are listed in the 
appendix.  The dependent variables (DV) will be county Secondary Construction formula allocations 
and statewide deficient lane miles reductions.   
To determine the dollar change and the reduction in deficient lane miles per county, per 
construction district, and statewide overall, quantitative indicators as independent variables have been 
defined.  These are indicators which affect outcomes or in this study’s case - allocations per county 
and statewide deficient lane miles reductions.   
The allocation results from the models will be integrated with VDOT construction district 
roadway values to identify which scenario (market, opportunity, and outcome) best maximize 
statewide deficient lane miles reductions.  County roadway value is defined as the cost of a lane mile 
for a county in a construction district. 
 
Working Rationale 
The working rationales for this research are: 
1. Virginia’s highway transportation funding is not allocated in geographic regions to meet 
current and strategic needs (VDOT Public Affairs, 2005). The 1993 Virginia Senate Joint 
Resolution (SJR) 188 report states that needs are defined as “construction needs based on 
existing, and forecast, requirements to upgrade deficiencies and to meet the demand for 
new and/or improved facilities, except in the case of transit and commuter rail, where 
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operating as well as capital costs were included" (Study of the Transportation Trust Fund 
Formulae, SJR 188, final report, March 1993).  Even with this definition, there seems to be 
a great desire for Virginia to agree upon a methodology for identifying transportation needs 
and the manner in which they are prioritized (Cunningham, 2010).   
2. Political considerations and processes from politicians and interest groups to have a 
significant role in the planning and development of highway funding allocations in 
Virginia (Northern Virginia Transportation Alliance, 2010).  Therefore, based on the 
historical actions of these organizations, it is anticipated they will continue to have 
significant input regarding any policy changes to the highway funding allocation processes 
in Virginia (Faquier Times-Democrat, 2006). 
 
Research Question and Proposition  
The research question guiding this study is: “Which of the four allocation models; the current 
Virginia Secondary Highway System allocation model or one of three alternative of this model based 
on Brian D. Taylor’s geographic equity categories (outcome, opportunity, and market) best maximizes 
statewide deficient lane miles reductions.”   
The proposition for this research is Virginia’s existing Secondary Highway Construction 
funding allocation model (baseline) best maximizes statewide deficient lane miles reductions 
than do alternatives of this model which are based upon geographic market equity, geographic 
opportunity equity, or geographic outcome equity.   
As established earlier, the Virginia’s defined Secondary Highway System transportation needs 
are referred to as the percentage of deficient lane miles with a Critical Condition Index (CCI) below 
59.  At this level corrective action via total construction replacement or significant construction 
resurfacing needs to occur (Virginia Department of Transportation, 2009).   
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While research conducted by the investigator will provide relevant information to address this 
question, the outcome of this research will also lead to development of a foundation for future 
considerations for improving Virginia’s method of allocating highway funds. 
 
 
Theories Guiding Study 
 
There are two theories guiding this study.  The first is equity theory relative to fair and just 
service distribution.  This theory focuses on the process of equity considerations for who will 
ultimately receive an outcome, service, or amount of something tangible such as funding (Garcia, 
2000).  This theory does not focus on equal distributions (Lectric Law Library, 2005).  Rather, they 
focus on geographic results based on market, opportunity, or outcome considerations.  Building on 
equity theories, equity usages in transportation are explored which factored into this study’s 
determination of which geographic equity scenario best maximizes statewide deficient lane miles 
reductions for Virginia. 
The second theory guiding this study is decision theory wherein equity considerations play an 
important role.  That is, decision theory encompasses the planning and analysis of organizations 
involved with determining how resources (highway funding) are derived and where they will be 
earmarked for a certain period of time.  Budgeting and project planning are the key processes in this 
theoretical area (Sinha, 2007, Bland 1997).  Geographic equity decisions are an integral part of 
budgeting and planning decisions (Duhie, 2008, Giglio, 1998, Goode, 1998).   
Therefore, this study contends that governmental organizations incorporate geographic equity 
information to provide decisions via allocation models.  These theories are explored with a focus on 
geographic equity in chapter two.  
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Overview of Methodology 
To identify distributional changes for each county and its impact on potential construction of 
Secondary System, dollar and lane mileage scenarios will be conducted.  The baseline data for this 
analysis is the actual Virginia Department of Transportation fiscal year 2009 Secondary Construction 
allocations which are treated as a snapshot in time (Virginia Department of Transportation, 2009). 
These alternative scenarios will involve comparing the existing model (baseline) to models 
with proposed variables that replace the .20 area based variable to determine the allocation impact by 
county and resultant construction opportunities.  Those variables are; 
a. For market equity - 2009 County Sales Tax Revenue (by county) as a proportion of 
statewide sales tax revenue. 
b. For opportunity equity - 2009 Statewide Secondary Construction Allocations divided 
by the number of counties 
c. For outcome equity – equal number of miles times the district cost summation to equal 
the 2009 Statewide Secondary Construction Allocations 
The .80 variable for population will not be examined in this study because this data changes 
constantly due to people movement to new communities, to new work locations, to new schools, and 
to new areas of commerce (Weldon Cooper Center, 2012).  With regards to population, the Federal 
Register (Vol. 67) outlines that for federal authorizations and program funding such as for 
transportation, the Census Bureau is responsible for obtaining and classifying urban and rural 
populations after each decennial census.  This statistical information is used for the apportionment of 
formula based programs.  Virginia has defined population in the Code of Virginia, section 33.1-23.4, 
as “either population according to the latest United States census or the latest population estimate of 
the Center for Public Service of the University of Virginia, whichever is more recent.”   
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However, the Commonwealth Transportation Board has elected to utilize the decennial census 
for highway systems allocations to localities and for Secondary Street Acceptance requirements under 
the jurisdiction of the Virginia Department of Transportation noted in sections 33.1-151 and 33.1-155 
of the Code of Virginia.  The reason being is that for non-decennial census years, the Weldon Cooper 
Center for Public Service – Demographics and Workforce Group produces population estimates based 
on assumptions and time series, which are used for reporting data in different cohorts than the biennial 
census.  Consequently, Virginia holds population data for this model constant and is updated every ten 
years (decennial census) from the official person count generated by the United States Census Bureau.   
In contrast, the .20 variable for the area portion of the total formula, which rarely changes 
unless a locality annexation occur, will be examined in this study.  That is, selected geographic equity 
independent variables will be introduced to determine which of the four allocation models; the current 
Virginia Secondary Highway System allocation model or one of three alternative of this model based 
on Brian D. Taylor’s geographic equity categories (outcome, opportunity, and market) best maximizes 
statewide deficient lane miles reductions. 
The results from each of the scenarios will be evaluated against the baseline data to determine 
changes in funding, changes in lane mileage, changes in percentages, changes in the number of 
reduced deficient lane miles gained or loss, changes in the Gini Coefficient, and changes in the index 
of dissimilarity.  These results will define which geographic equity independent variable yields more 
statewide deficient lane miles reductions. 
While the focus of this study is to identify which geographic equity category provides a greater 
statewide deficient Secondary Highway System lane miles reductions, it will also provide public 
decision-makers a better understanding as to why areas might gain or lose financial ability to impact 
its deficient lane miles needs based on a particular strategic direction.   
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Definition of Terms 
 
Like many governmental organizations, the transportation industry has its own jargon or terms.  
Below are pragmatic definitions for these terms.  Also, the full administrative sections of the Code of 
Virginia are provided to demonstrate the legislative language that is used for the allocation of funding.  
Allocation – Distribution of estimated revenues to a specific administrative unit, agency program, or 
project (same as budget). 
Budget – Distribution of estimated revenues to a specific administrative unit, agency program, or 
project (same as allocation). 
Cohort - a group of individuals having a statistical factor such as age or class membership in common 
in a demographic study. 
Deficient Lane Miles - A stretch of county roadway with a Critical Condition Index (CCI) below 59 
where corrective action via total replacement or significant resurfacing needs to occur.  These actions 
will be financed with Secondary Highway Construction Program funds, thereby listed in VDOT’s Six-
Year Construction Program, instead of through Asset Management (Maintenance) Program funds. 
Formula Allocation - The statutory formula VDOT must use to allocate transportation revenues that 
remain after allocations to the airports, ports, and rail and public transportation. 
Gini Coefficient – Statistical measure which represents the area of concentration between the Lorenz 
curve and the line of perfect equality.  It expresses a proportion of the area enclosed by the triangle 
defined by the line of perfect equality and the line of perfect inequality.  The closer the coefficient is 
to 1, the more unequal the distribution. 
Highway Maintenance and Operating Fund (HMO) – From 1923 to 1986, the primary fund for all 
Commonwealth highway funding.  The HMO’s primary function is to fund highway maintenance and 
general and administrative expenses for VDOT. 
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Index of Dissimilarity - The summation of vertical deviations between the Lorenz curve and the line 
of perfect equality also known as the summation of Lorenz differences.  The closer the ID is to 1 (or 
100 if percentages are used instead of fractions), the more dissimilar the distribution is to the line of 
perfect equality. 
Inter-modal Practices - Refers to a process of addressing the linkages, interactions, and movements 
among modes of transportation. 
Modal Allocation - The statutory Transportation Trust Fund allocation percentages to VDOT, Mass 
Transit (Department of Rail and Public Transportation), Ports (Virginia Port Authority), and Airports 
(Department of Aviation).  Sections 33.1-23.03:2 of the Code of Virginia outline the modal allocation 
percentage below. 
·   Airports – 2.4 Percent 
·   Ports – 2.10 Percent 
·   Mass Transit – 14.7 Percent 
·   Highway Construction - 78.7 Percent 
Multi-modal Practices - Refers to a process of collectively addressing all modes of transportation.  
Needs - The 1993 SJR 188 report states that "needs were defined as construction needs based on 
existing, and forecast, requirements to upgrade deficiencies and to meet the demand for new and/or 
improved facilities, except in the case of transit and commuter rail, where operating as well as capital 
costs were included" (Study of the Transportation Trust Fund Formulae, SJR 188, final report, March 
1993).   
Net Taxable Income – Gross income reduced by adjustments and allowable deductions. It is the 
income against which tax rates are applied to compute an individual or entity's tax liability.  The 
essence of taxable income is the accrual of some gain, profit, or benefit to a taxpayer. 
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Off the Top – Funding that is distributed to specific initiatives before the application of the allocation 
formula. 
Pool of Funds – Estimated state and federal revenues that are distributed through the allocation 
process or earmarked for specific programs or projects. 
Revenues – Estimated federal and state taxes, fees, permits, and other funding earmarked for highway 
transportation. 
Tangible Personal Property Tax – A fee assessed on motor vehicles ("car tax") boats, recreational 
vehicles, campers and trailers within a defined locality.  Localities may elect to prorate the taxes on 
motor vehicles and trailers which have acquired situs within a locality after the tax day for the balance 
of the year.  Generally, the situs of a vehicle is the locality in which the vehicle is normally garaged or 
parked. 
Transportation Trust Fund (TTF) – Created in the 1986 Special Session of the General Assembly 
under Section 33.1-23.03:1 of the Code of Virginia.  This special non-reverting fund provides 
dedicated sources of revenue for the transportation needs of the Commonwealth.  The TTF also funds 
four modes of transportation: highways, mass transit, ports, and airports.  VDOT’s portion of the TTF 
is in the Construction Fund. 
Vehicle Miles Travelled (VMT) - The number of miles vehicles are driven.  VMT is another measure 
of efficiency; in this case, the efficiency of an entire transportation system rather than individual 
vehicles.  It’s a factor in describing traffic congestion, fuel consumption, wear-and-tear on roads, and 
vehicle emissions. 
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Dissertation Organization 
This manuscript is divided into five chapters including the introduction.  Explained in three 
sections, Chapter 2 covers the literature review concerning geographic equity theories and application 
for highway transportation funding.  The first section provides a review of literature on equity 
theories.  The second section provides an overview of equity usages in transportation.  The third 
section reviews literature on transportation allocation decision processes with equity as a key 
component to budgeting and project planning methods.   
Chapter 3 provides details about this study’s research methodology, including a review of the 
quantitative research approach.  This chapter also provides a discussion of issues, strengths, and 
weaknesses of quantitative research.  To substantiate the use of the quantitative research approach, 
examples of geographic equity research for highway related issues are provided.  Finally, an outline of 
this proposed research methodology, including an analysis of secondary information, identification of 
the research design, and an identification of scenarios using the defined geographic equity criteria 
(independent variables).   
Chapter 4 provides an analysis of the data findings which is the Secondary Highway 
Construction System allocation per county (dependent variable).  Each of the scenarios will be 
compared against the original fiscal year 2009 Secondary Highway Construction System .20 area 
allocation (baseline).  In addition, each of the individual county results will be compiled into the 
Virginia Department of Transportation defined construction districts to assess geographic impacts 
with regards to funding and statewide deficient lane miles reductions resulting from these scenarios.   
Chapter 5 is the concluding chapter and contains a summary of the research findings to include 
research implications.  This chapter also contains a brief discussion of future locality specific funding 
recommendations and it identifies opportunities for additional study on this subject. 
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Chapter 2 
 
Literature Review 
 
Introduction 
 A review of the literature suggests (who are they) that the treatment of highway funding 
among states is as dissimilar as their terrain.  Previous studies have focused on the treatment of motor-
fuels taxes and fees at the federal level (Small, 2003).  Other studies have reviewed individual states 
such as California, Texas, and Colorado (Levinson and Yerra, 2002), but no comprehensive study has 
been completed wherein the author was evaluating state level highway funding attributes or 
recognizing state legislative differences.  This chapter will review various theoretical perspectives 
which impact highway funding for Virginia.  
A major category of thought is concerned with public sector theories with regard to the 
allocation of public funds (Martin 2005).  Specifically, two of these public sector theories are equity 
theory and decision theory (Litman, 2005).  Equity theory focuses on the manner in which resources 
are distributed and utilized (Forkenbrock and Weisbrod, 2001).  This theory does not focus on fairness 
rather on the justice (distributions and procedures) within its process (Bradford, 2007).  This study 
also employs aspects of decision theory wherein equity considerations are key components with 
planning and analysis of individuals and organizations to determine how highway funding is derived 
and where it will be earmarked for a certain period of time (Chu and Polzin, 2004).  Budgets also 
known as financial plans utilize equity theory concepts with various operational processes such as line 
item budgeting, program budgeting, zero based budgeting, and performance budgeting (Cunningham, 
2010). 
The findings of this study will contribute to the different types of budgeting by providing a 
directional framework to maximize finances for the public good. 
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There are two distinct distributional methodologies employed to allocate each state’s highway 
funds.  One methodology occurs at the federal level while the other methodology occurs at the 
individual state level, which this study will focus upon.   
 
Equity Theories and Usages 
The use of equity distributional models and resultant indicators has been extensively applied in 
various public and private sector areas.  Sociologist, Wieslawa Surazska, in her examination of 
M.D.R. Evan’s October 26, 2010 article entitled “Justifications of Inequality:  The Normative Basis of 
Pay Differentials in 31 Nations,” she examined how utility and equity criteria interact to account for 
an individual’s choice between inputs and payoffs based on self-interest and an individual’s 
consequence to a group.  To assess the impacts of choice, Surazska introduced three equity criteria 
which were the equality of payoffs, the right payoff based on contributions, and relative equality.   
To evaluate the impacts of choice, Surazska developed a model of sixteen alternative 
distributions for herself and another set for a partner.  The design of the model forced the study 
participant to choose among the alternate distributions. 
Surazska concluded that “the criteria of equity and justice operated the impersonal, normative 
way only up to a certain level of the subjects' losses.”  That is, they were used interchangeably to 
justify the subjects' own gains and to prevent their partners from gaining more than they did. 
 With regard to a global view of equity distribution considerations, the notion of fair and equity 
have challenged organizations and initiatives such as the Proverty Reduction Support Credit (PRSC) 
program.  This initiative was reviewed by Calisto Madavo (World Bank Report No. 29154-BUR, 
2005), wherein he focused on the areas of health services delivery and administration, budget 
management and execution, and education for Africa.   
32 
 
 While a number of operational controls were recommended by the Madavo, the three primary 
findings from each review category were; 
 the importance of increasing resources allocated  
 more definition of equity and efficiency of existing spending practices (both public and 
private) 
 upgrading the quality and financial accessibility of services   
 Madavo concluded that the World Bank’s position was that these three findings were required 
to accelerate progress toward the health, budgetary, and educational objectives.  Madavo also 
concluded that these findings were needed to eradicate health and socioeconomic issues in the poorer 
regions of Africa. 
Domestically, equity funding practices and analysis has been extensively utilized in the 
education administration to identify variances between affluent and non-affluent areas.  For instance, 
Mary Filardeo, et. al., published a report entitled “Growth and Disparity: A Decade of U.S. Public 
School Construction (2006).”  Filardeo contended that while there has been record spending in some 
areas for educational infrastructure (school facilities) there was not the same record of spending on 
school construction in low income/minority populated areas.  Consequently, “these minority students, 
who already experience disadvantages, have had far less investment in their school facilities than their 
more affluent, white counterparts and the conditions for these students continues to be substandard.”.   
Filardeo supported her argument by presenting findings which analyzed who benefitted from 
$600 billion of United States school construction expenditures from 1995-2004.  The report included 
numerous tables which identified school construction growth by type of project, by state, by 
enrollment growth, by spending relative to family income, by community household income, and by 
race and ethnicity.  Based upon this information, Filardeo revealed that construction funds have not 
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been equally distributed.  That is, the least affluent school districts made the lowest investment of 
$4,800 per student, while the most affluent school districts invested the highest at $9,361 per student.   
Filardeo further showed schools with the greater needs were located in high-poverty and 
minority school districts received the least monetary investment.  That is, money spent on low-income 
schools was more likely to fund basic repairs such as roofs or asbestos removal.  However, money 
spent in affluent districts frequently funded educational enhancements such as labs or performing arts 
centers.   
Farideh Ramjerdi’s January 2006 paper for the Transportation Research Record, entitled 
“Equity Measures and Their Performance in Transportation,” focused on equity implications of 
transportation policies by using a range of equity measures in two case studies.  Ramjerdi contended 
that different measures of inequality embrace different normative judgments.  Ramjerdi suggested that 
early studies warned about placing too much trust in a single measure.  To this end, Ramjerdi offered 
two approaches to address equity considerations.  The first approach assumed a “form of social 
welfare function and the choice of a desired inequality aversion parameter.”  The second approach 
applied an inequality measure to a given pair of distributions of a variable (e.g., income and 
accessibility) that changes as the result of a policy.  Based on the second approach, Ramjerdi used a 
partial equilibrium model of transportation for the calculation the changes in income, accessibility, 
and the net benefit for different social groups.  Ramjerdi’s methodology was to; 
 develop an overview of equity measures and their properties 
 evaluate performances of these equity measures for alternative road pricing schemes  
 demonstrate “challenges that arise in addressing equity with a partial equilibrium model of 
transportation”   
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Ramjerdi concluded that relating equity objective(s) to a predefined value of any of these 
measures was not desirable.  Ramjerdi further suggested that it was difficult to make a judgment about 
the equity implication of a policy on the basis of a single measure and without a thorough examination 
of several measures.  
William Lucy and Kenneth Mladenka contended in chapter two of their manuscript entitled 
“Equity and Urban Service Distribution (1977),” that “several goals are sought by local public 
officials when they consider how government services should be allocated.”  Those goals were 
efficiency, effectiveness, and equity.   
With regards to equity, Lucy and Mladenka define equity as who “gets what” in geographic 
terms.  They also contended that geographic equity involves fairness and justice.   
Similar to Taylor’s transportation equity criteria (2008) and Wach’s (2005 equity analysis, 
Lucy and Mladenka focused their geographic equity analysis on services that nearly everyone receives 
directly or indirectly such as services from personnel of police, fire, waste removal, library, street 
maintenance.  They contended that equal distribution of governmental services had several meanings 
with three distinct dimensions.  Those dimensions involved units of analysis, range of permissible 
variation, and indicators of service. 
The first unit of analysis that Lucy and Mladenka selected was the household.  They evaluated 
services supplied directly to households such as solid waste collection.  Concerning the frequency of 
collection, Lucy and Mlandenka concluded that the analysis might yield the same collection cycle as 
the same (or equal) in one neighborhood to the collection cycle of another neighborhood.   
The second unit of analysis that Lucy and Mladenka evaluated for service delivery was the 
neighborhood or service district.  They used the example of a fire station and a park wherein their 
services are not routinely provided directly to or within a household, but are available to residents in a 
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service area.  Within this example, Lucy and Mlandenka concluded that “equal service distribution for 
fire stations and parks can be the same because they have access to the same number of acre for every 
1000 residents, response time, or clearance rates.” 
Like Taylor, Lucy and Mlandenka supported their use of the units of analysis by applying a 
range of permissible variation.  Within this context Lucy and Mlandenka acknowledges that there is 
no strict equality.  That is, neighborhoods will not have the exact number of acres or exact number of 
individuals living within a geographic range.   
To illustrate indicators of service, Lucy and Mlandenka analyzed police supportive services for 
a community.  They contended that “equal service distribution is meaningful only in the context of 
indicators measuring services.”  Lucy and Mlandenka found that in practice there will be few exact – 
one to one relationships, which suggests (in the example of police patrolmen) that equal service 
distributions could mean average response time in neighborhoods (resource indicator), average 
response time to a reported event (activity indicator), or percentage of crimes cleared by the arrest of 
suspected criminals (result indicator). 
They further found that there was an inconsistency between equity and equality.  As such, they 
concluded that: 
1. Equity based on demand means that public service distribution should be influenced by 
demands made by people for services such as parks, libraries, buses, water, to name a few. 
2. Equity for services should be based on preferences that are expressed through activities 
such as public hearings, complaints, or inaction/inactivity. 
3. Equity based on the consumer’s willingness to pay is related to the ability to pay for a 
service. 
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Considering there is no one equity concept applies to the resource decisions, Lucy and 
Mlandenka offered the following five key questions that should be asked by public resource decision-
makers from an equity perspective: 
1. Which equity concepts are most relevant to a particular service and to which aspects of the 
service should they be applied? 
2. What decision rules are most important in determining the current distribution of the 
service and how, if at all, should these decision rules be changed? 
3. What is the current distribution of the service and how can this service distribution best be 
measured? 
4. Does the existing service distribution pattern raise questions about constitutionality, or 
does it violate requirements of federal statutes? 
5. Who should participate in making distributional decisions (administrators and their staffs, 
planners and budget officers, chief executives, members of the local legislatures), and what 
process should they go through in making these decisions?  
In sum, Lucy and Mlandenka concluded that there is no one formula for all equity judgements 
and that every decision which impacts service distributions has equity implications.  
Blue Wooldridge’s article entitled, Protecting Equity While Reinventing Government:  
Strategies for Achieving a “Fair” Distribution of the Costs and Benefits of the Public Sector,” 
provided a critique of David Osborne’s and Ted Gaebler’s book, “Reinventing Government (1995).”  
As with Taylor’s equity categories (2004, 2008, 2010), Wooldridge’s critique focused on potential 
impacts with respect to the equitable allocation of government good and services and their associated 
costs and benefits. 
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Wooldridge noted that Osborne and Gaebler sought to convert the traditional governmental 
entity into an “entrepreneurial” on the premise that the use of choice and competition would impact 
the distribution of goods and services by the government.   
To expand on Osborne and Gaebler’s contention that choice and completion would increase 
social equity, Wooldridge provided a discussion on the following two key areas: 
1. The growing importance of social equity as a criterion in the public manager’s decision-
making process with respect to a jurisdiction’s need, demand, and willingness to pay. 
2. An advancement of Osborne and Gaebler’s “Principle of Enterprising Government Rather 
Than Spending.”  This section included Lucy and Mladenka (1977) association of equity 
with equality suggested strategies such as user charges as a revenue source that could 
enhance the equitable cost distributions for governments.   
Wooldridge concluded that “Reinventing Government” offered a number of suggestions to 
improve governmental efficiency and effectiveness under certain conditions.  In addition, public 
officials have to determine if those conditions in concert with constitutional accountability exist.  
These determinations have to be account for under-represented populations who have experienced 
systemic disadvantages. 
Consistent with Taylor’s group and individual characterization of equity, H. George 
Friederickson argued in his book, “The State of Social Equity in American Public Administration” 
(2003), that social equality encompassed many complex issues associated with fairness, justice and 
equality in public administration.  Friederickson suggested “a textbook description of social equality 
in public administration says:  “fairness in the delivery of public services; it is egalitarianism in 
action—principle that each citizen, regardless of economic resources or personal traits, deserves and 
has a right to be given equal treatment by the political system.”    
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To support his social equality position, Friederickson explored the origins and evolution of 
social equity in Public Administration, from which he provided examples of the widening social 
equity gaps.  Based upon his study, Friederickson suggested that; “all important matters of social 
equity were local, local in the sense of consequences – that is, “results of national policies were all 
manifest locally, our neighborhoods, our families, our cities and our work places.”  Friederickson 
concluded by listing three consequences of social equity, which are;  
1. The obligation to administer laws should be done in a fair manner.  
2. Workforce obligations must be interpreted to advance social equity.  That is, our work 
environment should seek to proactively to seek to hire and advance a varied workforce. 
3. Friederickson contended that “it is not enough to go out and find qualified minorities. You 
must go out, find them, and then qualify them.  This is why the U.S. armed forces have 
been so much more successful in their affirmative action efforts than the society as a 
whole.”  
Taylor agreed with Freiderickson in that government can go only so far in forcing social equity.  
However, Taylor was more skeptical than Friederickson who said encouragement had a name called 
moral leadership. 
In sum, the use of equity theory, whether defined by opportunities, outcomes, or markets, 
produces a level of public choice and decision theories.  Therefore, equity theories based on a set of 
criteria will address a measure of needs for a particular geographic region, group, or individual while 
foregoing needs for others due to resource and strategic constraints. 
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Equity in Transportation 
Previous highway transportation research focused mostly on highway costs with regard to 
engineering issues, public transportation, highway capacity issues, preventative maintenance, and 
privatization considerations.  However, in recent years more emphasis has been focused on equity in 
transportation resource decisions (Wachs, 2005).  For instance, David Levinson and Bhanu Yerra from 
the University of Minnesota used a multi-case research approach with regards to geographic equity 
considerations.  In their study entitled, “Highway Costs and the Efficient Mix of State and Local 
Funds” (2002), Levinson and Yerra contended that larger governments attained scale economies and 
tended to be more bureaucratic with higher operating costs, all else equal, due to problems such as 
span of control.  The main objective of their study was to find an optimal share of costs funded by 
each government layer in each highway class to attain an efficient highway financing structure, i.e., 
minimum highway costs.  Levenson and Yerra also contended that policies can be formulated that can 
help adjust the financial responsibilities of transportation networks between government layers. 
From a geographic outcome perspective, Levenson and Yerra’s study related highway 
expenditures (from the 1996 Federal Highway Administration state tables) with share of expenditure 
by state governments to determine how governments should share expenditures on all roads in a state.  
Using the quasi-Cobb-Douglas statistical model, Levenson and Yerra divided highways into two 
hierarchical classes:  Higher and Lower, and a third class that consisted of both higher and lower 
hierarchical classes were also considered.  For each state, in each highway class three different costs 
were considered: capital outlay, operations and maintenance, and total costs.  In addition, two 
governmental layers were considered: state (including federal contributions) and local government.  A 
series of regression models were used to predict different highway expenditures, in each highway 
hierarchical class, as a function of utilization, capacity and funding.   
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Levenson and Yerra found that there was a share of expenditures by each level of government 
in each highway hierarchical class, which resulted in a minimum expenditure for each funding 
category (capital, operating, and maintenance).  That minimum was also found not to vary far from 
typical state/local mixes in many states.   
With regards to geographic market equity and geographic outcome equity, Kenneth A. Small 
from the University of California at Irvine conducted a study entitled “Road Pricing and Public 
Transport (2003),” wherein he investigated possibilities for designing a package of congestion prices 
and revenue uses that could attract wide support.  The economic theory behind Small’s congestion 
pricing concept was the reliance of revenues help compensate for the payments required of highway 
users (geographic market equity).   
Similar to Taylor’s (2008) congestion pricing equity approaches and Kriger’s (2006) toll road 
estimation models, Small considered area pricing or facility pricing principles that could guide a 
revenue-allocation scheme for a comprehensive program of congestion pricing that covers the entire 
Los Angeles region.  .In particular, Small investigated the possibilities for making the entire package 
appeal to the narrow self-interest of most residents.  Small accomplished this by considering how 
various categories of people and institutions were affected by congestion pricing, and suggested 
measures that would tend to offset those effects that were negative.   
Small also used illustrative calculations which considered a series of congestion pricing 
applied throughout the Los Angeles region.  These scenarios were used to determine the appeal of 
various congestion price points to selected influential interest groups in order to attract their political 
support.  The variables used in the scenarios originated from the Environmental Defense Fund and the 
Regional Institute of Southern California.  Building on the data analysis to further determine the 
geographic market equity distributional impacts of congestion pricing, Small developed a pre-defined 
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survey instrument and administered it to three categories of people who were considered directly 
affected.  They were: 
 Existing solo drivers on highways to be priced. 
 Existing carpool or bus users on highways to be priced 
 Existing users of highways not to be priced 
Small found that the surveys confirmed support for a congestion pricing concept from various 
groups and that support was much higher when it was presented as a complete financial package with 
explicit proposals for using revenues.  From a geographic equity outcome perspective, Small also 
concluded there was room within a realistic mathematical test to spread financial benefits widely, so 
as to more than fully offset the costs to a majority of residents.  He contended that the key to these 
geographic equity results was the large magnitude of the congestion fees collected. 
As provided in Taylor’s chapter entitled “The Geography of Urban Transportation Finance 
(2004, 2008),” three equity typologies existed in relation to market equity, opportunity equity, and 
outcome equity.  These three types of equity were defined in conjunction with units of analysis for 
geography, groups, and individuals. 
With regards to the three above mentioned typologies, Taylor (2004, 2008) defined his first 
transportation equity category as geographic.  This grouping entails states, counties, and legislative 
districts.  Within this grouping Taylor suggested that with market geographic equity, transportation 
spending in each jurisdiction matches revenue collections in that jurisdiction.  With opportunity 
geographic equity, Taylor suggested that transportation spending is proportionately equal across 
jurisdictions.  Lastly, concerning outcome geographic equity, Taylor contended that spending in each 
jurisdiction produces equal levels of transportation capacity/services. 
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Taylor’s second transportation equity category focused on groups representing modal interests, 
racial and ethnic groups of people.  Market equity was defined by Taylor for groups as each group 
receiving transportation spending/benefits in proportion of taxes paid.  Opportunity equity for 
“groups” is based on the premise that transportation spending is proportionally equal across 
jurisdictions.  Lastly, outcome geographic equity for the “groups” category was defined by Taylor as 
transportation spending produced equal levels of access or mobility across the groups. 
Taylor’s third transportation equity grouping was individuals.  These were residents, voters, 
and travelers.  Within this equity grouping, market equity for individuals was defined by Taylor as the 
prices/taxes paid by individuals for transportation.  Opportunity equity for individuals is defined by 
Talyor as transportation spending per person was equal.  Lastly, Taylor defined outcome equity for 
individuals as transportation spending equalized individual access to mobility. 
Taylor (2008) concluded that due to the broad definitions and usages of equity criteria and 
grouping, there was no definitive method that could be applied to all populations and circumstances. 
A more expansive view of Taylor’s equity typology was defined by Sandra Rosenbloom in her 
manuscript entitled “The Equity Implications of Financing the Nation’s Surface Transportation 
System (2008).”  She contended that there were more than twenty five separate definitions of equity 
that have been identified concerning infrastructure finance and service delivery.  Examples of these 
equity definitions were modal equity, intra-modal equity, inter-jurisdictional equity, and 
intergenerational equity.  Rosenbloom argued that “these concepts or definitions share an overarching 
characteristic, if adopted, would advance some interests at the expense of others and give the 
advantage to some rights or values over others.” 
Consistent with Clark Atlanta University’s research (2008), David Levenson explored in his 
research paper entitled, “Identifying Winners and Losers in Transportation (2002),” issues 
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surrounding transportation equity, both external and internal to transportation.  Levenson provided 
examples of transportation improvements that imposed transportation costs on more individuals 
(losers) than those who are benefited (winners).  To further his contention of analytical winners and 
losers, Levenson applied several quantitative measures of equity to a ramp meters test case in the 
Twin Cities, Minneapolis-St. Paul in Minnesota.   
Based on the analysis, Levenson recommended that “transportation benefit-cost analyses 
should include an equity impact statement document.  This document would include a consideration 
for the distribution of opportunities to participate in decisions and the outcomes of those decisions (in 
terms of mobility, economic, environmental, and health effects).  Moreover, Levenson contended the 
data should have different strata (spatial, temporal, modal, generational, gender, racial, cultural, and 
income) of the population.”  He concluded that based on these variables, policy makers would then 
have additional information on which to base transportation funding decisions and project selections. 
Like Taylor defined in his typologies of equity in road pricing (2010), “The Victoria Transport 
Policy Institute” (Equity Evaluation, 2008) contended that “equity impacts can be difficult to evaluate, 
in part because the word “equity” has several meanings, each with different implications.”  As such, it 
identified four general types of equity related to transportation.  They include egalitarianism, 
horizontal or fairness, vertical relating to income and social class, and vertical relating to mobility 
need and ability.  The Victoria Transport Policy Institute’s overview of each of these four equity types 
is explained as follows: 
Egalitarianism refers to treating everybody the same, regardless of who they are.  This concept 
implies that everybody should receive the same quality of services, pay the same price, and bear the 
same costs.  In practice, this can be arbitrary and unfair, because it depends on how impacts are 
measured and does not take into account differences in abilities and needs (Wachs, 2003).  For 
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example, egalitarianism might be used to justify charging every passenger the same fare (regardless of 
length of trip), that each transit rider receive the same subsidy (regardless of income or need), that 
each resident pays the same amount or tax support transportation services (regardless of income or 
use), or that roads are not assigned a value so that everybody experiences traffic equally.  Although 
each of these may seem fair and equitable from a particular perspective, they are contradictory and can 
increase inequity from other perspectives (Litman, 2009). 
Horizontal Equity (also called “fairness”) is concerned with the fairness of allocation impacts 
between individuals and groups which are considered comparable in ability and need.  It implies that 
consumers should “get what they pay for and pay for what they get,” unless a subsidy is specifically 
justified.  As Musgrave (1990) notes, however; horizontal equity can lay claim to being an 
independent standard of tax equity because it is consistent with a number of different underlying 
conceptions of tax fairness, while the application of the vertical equity will differ.  As an example, the 
benefit principle of taxation argues that the assignment of tax burdens are to be assigned according to 
the benefits that taxpayers receive from government goods and services.  Musgrave concluded that 
benefits taxpayers receive from government spending vary with their income level, and according to 
the benefit principle would require taxpayers with the same income to pay the same amount of tax.  
Considering the benefit principle, horizontal equity is often cited when communities compete for 
transportation resources, such as state or federal funding, and is the basis for cost allocation studies 
that compare how the costs imposed by different vehicle classes compare with their user payments 
(Milligan, 2007).  
Vertical Equity With Regard to Income and Social Class focuses on the allocation of costs 
between income and social classes.  According to this definition, transportation services are most 
equitable if they provide the greatest benefit, at the least cost, to disadvantaged groups; therefore, 
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compensating for overall social inequity (Sanches, 2007).  Policies that provide a proportionally 
greater benefit to lower-income groups are called “progressive,” while those that make lower-income 
people relatively worse off are called “regressive.”  For example, a regressive test would involve a tax 
or a fee that represents a greater portion of annual expenditures for lower-income households than for 
higher-income households.  On the other hand, a progressive test focuses on discount that targets 
lower-income households. (Pastor, 2005).  These tests are often used to support transport subsidies 
and to oppose price increases (Taylor, 2004).  
Vertical Equity With Regard to Mobility Need and Ability is a measure of how well an 
individual’s transportation needs are met compared with others in their community.  It assumes that 
everyone should enjoy at least a basic level of access, even if people with special needs require extra 
resources and subsidies (Taylor, 2004).  Applying this concept requires establishing a standard of 
basic assess which focuses on two issues:  access for people with disabilities, and support for transit 
and special mobility services (Pastor, 2005). 
Brian D. Taylor, along with Rebecca Kalauskas and Hiroyuki Iseki, collaborated in a 2010 
California PATH research report entitled “Addressing Equity Challenges to Implementing Road 
Pricing.” They examined road pricing development of five case studies (San Diego, Minneapolis-St. 
Paul, Germany, Stockholm, and New York).  Due to constituent competing views of equity, this paper 
developed an evaluation framework that defines three distinct bases for evaluating equity for free 
markets, equal opportunities, and equal outcomes. 
Like Wach’s study of measures to improve transportation efficiency and equity (2003),  Taylor 
examined circumstances that have led public officials to consider experimenting with tolls, and then 
places transportation finance into a broader context of social equity.  During their examination, Taylor 
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discussed why various views of equity often conflict in the context of transportation finance.  Based 
on this discussion, Taylor proposed a framework for evaluating transportation finance/pricing equity.  
Taylor found that, in practice, successful mitigation of equity concerns have entailed: 
1. Careful planning of the project or program, paying attention to the dedication of toll 
revenues to both transit and highway improvements in and around the tolled areas to create 
constituents for the pricing program 
2. A limited geographic scope to central, congested zones, particular travel corridors, or 
particular market segments 
3. Incremental implementation to allow for mid-course adjustments in project development 
4. Ongoing, substantive, and sincere public outreach and education efforts that have 
meaningfully influenced program design 
Consistent to Taylor’s equity categories, Todd Litman argued in his manuscript entitled 
“Evaluating Transportation Equity (2009)” that the current state highway transportation planning and 
investment practices overemphasized roadway capacity expansion.  As a result, the number of 
automobile dependent transportation and land use activities would increase.”  Litman suggested the 
best transportation indices focused on “access,” the ability to reach goods, services, activities, and 
destinations.  Litman further highlighted that conventional transportation indicators which measured 
traffic congestion or vehicle volumes tended to justify continued roadway capacity improvements, 
rather than supporting strategies that increased total transportation efficiency.   
 Per capita transportation energy consumption 
 Per capita transportation pollution 
 Medical costs attributed to transportation (including care for injuries and pollution related 
diseases) 
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 Portion of transportation related costs paid by public funding 
 Residents’ participation in transportation and land use decision-making. 
Litman’s reasoning for using this set of indicators was that “they encouraged innovative 
solutions, thus achieving multiple goals and objectives.” 
 
Transportation Allocation Decisions with Equity as a Key Component 
The third discussion area guiding this study is decision theory where the planning and analysis 
of individuals and organizations involved with determining how resources (highway funding) are 
derived and where they will be earmarked for a certain period of time (Goldman, 2003, Lee 1998).  
Social equity in budgeting and project planning relative to geographic equity (market, opportunity, 
and outcome) are the key considerations for this literature. 
A growing trend has been to use equity as a critical component in decision theories (Sinka, 
2007, Pastor, 2005).  Budgeting requires allocation information from equity theory (Thurmaier, 2001).  
The use of decision-making theories with regards to budgeting and to the allocation of governmental 
services would lead to opportunity equity and market equity outcomes (Transportation Research 
Board, 2006). 
To ensure a measure of equity in transportation for rural areas or counties such as in Virginia, 
the federal government enacted the following requirements: 
 Title VI of the Civil Rights Act of 1964 which prohibits discrimination on the grounds 
of race, color, or national origin shall not occur in connection with programs and 
activities receiving Federal financial assistance.  This act provides citizens the right to 
review planned - perspective projects and to voice their concern to any transportation 
project receiving federal funds (Balducci, 2009, Atshuler, 2003). 
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 2003 Transportation Equity Act of the 21st Century (TEA-21) wherein 94.5% of the 
allotted funds were to subsidize public transportation for the 75% of U.S. citizens 
living in urban areas, and only 6% to support transportation for the 25% of U.S. 
citizens living in rural areas (Federal Highway Administration, 2008, 2009, 
Transportation Research Record, 2006).   
 2006 Safe, Accountable, Flexible, Efficient Transportation Equity Act - A Legacy for 
Users (SAFETEA-LU) which substantially improved public transportation funding for 
both rural areas and for people with disabilities (Transportation Research Board, 2006, 
TRIP, 2011).   
 Though expired on September 30, 2003, the Transportation Equity Act for the 21st 
Century (TEA-21) mandated more public involvement in state and regional 
transportation planning.  
 
Since the 1950’s, the budget process has evolved into a multifaceted transportation planning 
endeavor where three and five-year projections were expected and where performance was measured 
annually (North Dakota Legislative Council, 2001, North Carolina Department of Transportation 
Research Project, 2002).  Before improvements to a transportation system can be made, states and 
Metropolitan Planning Organizations (MPO’s) must identify project funds that will be readily 
available over the three-to-five-year life of the Transportation Improvement Program (Transportation 
Research Board, 2006).   
Hyde (2002) and Hyman (2002) argued that equity questions revolve around a more general 
understanding of the budget process, the roles and motivations of its many participants, and the 
decision points that influence the final shape of the budget.  Table 4 below shows the organizations 
involved with state transportation planning and budgeting (Transportation Research Board, (2006).  
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State departments of transportation (DOT’s) are involved with all aspects of vision planning, 
developing long range plans, TIP and STIP development, project planning, and budgeting at the 
allocation level (Federal Highway Administration, 2008 and Schweitzer, 2008).  Furthermore, Taylor 
(2004) argued that depending on the organization’s strategic direction, equity considerations (i.e. 
outcome, market, and opportunity) were advocated and defined to maximize resources by geography, 
group, or individuals at various points in the planning and budgetary life-cycle.   
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Table 4:  State Planning and Budgeting 
State Transportation Planning and Budget Participation by Organization  
Organization 
Vision 
Planning 
Long-range 
Plans 
TIPS/ 
STIP 
Project 
Planning 
Highway 
Transportation 
Budgeting 
Equity 
Consideration 
State DOT's 
      
State 
Legislators 
    
  
MPOs 
   
   
 
City/Local 
Trans. Dept. 
 
  
  
  
Source:  Transportation Research Board, 2006 
In summation, according to the Federal Highway Administration (2008), state legislators were 
only involved with highway budgeting at the appropriations level that were based on state DOT’s 
allocation requests (Rosenbloom, 2008).  MPO’s were involved with statewide vision planning, long 
range planning, and TIP/STIP development.  City and local DOT’s were involved with TIP/STIP 
development and project planning (Sinka, 2007).  In Virginia, through the approval of the VTrans 
2025 initiative, city and local DOT’s were involved with vision planning and long range planning 
(Joint Legislative Audit and Review Commission, 2001, Transportation and Mobility Planning 
Division – Virginia Department of Transportation, 2005).  Regardless of the governmental level of 
transportation budget and planning life-cycle, equity considerations were key components at all 
decision points (Wachs, 2005). 
Highway transportation equity decision-making regarding budgeting sought to address current 
highway issues while avoiding future problems (Osberg, 2004).  These equity decisions are made 
within state highway transportation organizations as well as withthe planning, programming, and 
budgeting processes (Milligan, 2007, Goode, 1998), 
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Summary 
The literature reviewed discusses the geographic equity theories (market, opportunity, and 
outcome) that relate to this study.  Based upon a review of the literature, these theories can produce a 
valuation of assets and the allocation of resources for a particular geographic area (Talyor, 2010).  
From the review of the geographic equity literature, the researcher found that localities, 
governmental organization, interest groups, budgeting systems, funding assumptions, and party 
politics played a role in funds allocations concerns.  Hence, after reviewing the literature, the 
researcher was able to identify geographic equity themes (market, opportunity and outcome) that 
needed further exploration in this study.  
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Chapter 3 
 
Methodology 
 
Research Methodology 
As outlined in Chapter 1, this study is divided into five chapters, with the first two chapters 
providing the foundational and theoretical frameworks.  Chapter 2 provided a review of literature 
relative to geographic equity theory and decision theory for resource allocations.  With the use of 
existing Virginia Secondary Highway Construction funding model (control group) this chapter 
narrows the focus by examining the impacts on county, construction district, and statewide allocations 
(dependent variable) and resultant deficient lane mile improvement opportunities after the introduction 
of various equity geographic criteria (independent variables).   
The research question guiding this study is; “Which of the four allocation models -- the current 
Secondary Highway System allocation model or one of three alternatives of this model based on Brian 
D. Taylor’s geographic equity categories (outcome, opportunity, market) best maximizes statewide 
deficient lane miles reductions.” 
 
Quantitative Research 
This chapter will discuss this study’s use of the quantitative research approach, will outline the 
methodology to be employed, and will identify the data analysis that will be undertaken to answer the 
research question.   
Quantitative research is depicted as the traditional scientific approach to research that has its 
underpinnings in the philosophical paradigm for human inquiry known as positivism (Neil, 2007).  
Research driven by the positivist tradition is a ‘systematic and methodological process that places 
considerable value on ‘rationality, objectivity, prediction and control’ (Glense, 1999).  A 
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distinguishing feature is the collection of numerical data that, in turn, can be subjected to statistical 
analysis (Friedman, 2002).  Advocates of the quantitative approach are therefore described as 
objective scientists committed to the discovery of quantifiable information (Richardson, 2000). 
Quantitative research is concerned with determining the relationship between one factor (an 
independent variable) and another (a dependent or outcome variable) in a population (Walker, 2005).  
Quantitative research designs are either descriptive where subjects are usually measured once) or 
experimental where subjects are measured before and after a treatment (Hopkins, 2001).  A descriptive 
study establishes only associations between variables.  An experiment establishes causality (Newman, 
Benz, 2005).  This study will employ the cross-sectional research approach to study cause and effect 
(Mulhall, 2004) relationships of Virginia’s Secondary Construction allocation of funding to counties.  
Its defining characteristic is active manipulation of an independent variable (Tashakkori, 2003).  
Similarity of subjects is ensured by ‘matching’ cases with respect to an infinite number of characteristics 
and allocating one from each pair to a control and cross-sectional group on the basis of randomization 
(Polit, 2001).  Only observable facts are relevant and the techniques of inferential statistics produce precise 
numerical results (Hicks, 2003).  
 
Discussion of Issues, Strengths, and Weaknesses of Quantitative Studies 
 
Two of the six sources of collecting evidence for research will be employed (Ercinkan, 2006).  
These sources are documentation and archival records.  Due to the design of this dissertation the 
remaining four sources of information (interviews, direct observation, participant observation, and 
physical artifacts) will not be used. 
With regard to documentation and archival records, the strengths and weaknesses of using 
these sources in this study are numerous.  One of the major strengths in using documentation and 
archival records is the information is stable thereby allowing the findings to be viewed repeatedly 
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while still maintaining its accuracy in reliability and validity (Friedman, 2002).  Unobtrusive 
information is another type of strength in that the documentation and archival records are not created 
as a result of the study (Gall, 2003).  That is, the information stands on its own; therefore, the data is 
more valid.  The third strength lies in the information containing the exact names, references, and 
details of an event.  Consequently, should questions regarding the reliability or integrity arise, the 
research can be substantiated (Hohmann, 2006).   
Finally, the power of collecting evidence from documentation and archival records is that 
information comes from many settings and many events.  Thereby having been recorded over time 
enables the researcher to identify patterns and trends (Ercinkan, 2001).  Overall, quantitative studies 
fortified by published records are more robust in detail and may therefore lead to a more complete 
understanding of some aspect of a person, group, event, or situation by describing, understanding, and 
explaining (Shank, 2002). 
 For as many strengths offered for using the collecting of evidence from documentation and 
archival records, there can be as many weaknesses.  Depending upon the subject, a weakness can be 
the accessibility of information thereby yielding lower amounts of material due to lost information 
(Rizzo, 2006).  Another weakness could be the newness of a contemporary issue which could also 
yield small amounts of material (Creswell, 2005).  Consequently, reporting bias by the researcher can 
surface if the collection of information is incomplete (Gall 2003).  However, on the other-hand, a 
thorough evaluation of documentation and archival records take too long due to the massive amount of 
documents (Opina, 2004).   
Another weakness of documentation and archival records is the researcher’s access to its 
information may be deliberately blocked (restricted confidentiality) due to privacy or political reasons.  
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As a result, a subjective element might surface to cause researcher bias within the study (Dalhammar, 
2002). 
 According to Berg (2008), Opina (2004) and Creswell (2004), the criteria for “good research” 
require five primary considerations.  The first consideration is the significance of the study, whether it 
is unusual or revelatory, it will have a contribution to the subject’s literature.  The second 
consideration is the completeness of the study/analysis which gives the reader an understanding of the 
whole research, given sufficient contextual information, and ensuring that all relevant information has 
been collected.  The third consideration of a good study is the consideration of alternative perspectives 
- weighing up the merits and values and alternative explanations and interpretations.  The fourth 
consideration is the acquisition of sufficient evidence which must be provided so that the reader can 
make his or her own judgment.  Finally, the fifth consideration of a good study is the effectiveness of 
the author’s writing.  In sum, the goal of the researcher/author is to write and present the study in a 
manner to entice or seduce the reader (Wolcott, 2001).   
 
Outline of Study’s Research Methodology 
This dissertation will review the highway transportation funding methodology employed by 
the Commonwealth of Virginia with regards to its allocation of Secondary Highway Construction 
Program funds.  Archival information was compiled in narrative and spreadsheet formats.  This 
dissertation will also introduce nominal geographic equity criteria into the Virginia Department of 
Transportation’s Secondary Highway Construction allocation model to evaluate funding impacts at the 
county, construction district, and statewide levels.  More importantly, this study will to evaluate 
impacts to the number of statewide deficient lane miles reductions. 
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Analysis of Secondary Information 
In an effort to provide an operational context to support the quantitative analysis of this 
research,   information will be compiled from Virginia Senate Bill records, Virginia House Bill 
records, selected state transportation websites and publications, newspaper articles, government 
documents, government reports, and other secondary data sources. 
Legislative information from the Virginia legislature will be collected and analyzed.  This 
information provided this research with background details on the types of highway transportation 
initiatives introduced by Virginia politicians.  In addition, the details were compiled to demonstrate 
Virginia political maneuvers for the establishment and continual usage of Virginia’s current method of 
allocating highway funds.   
Newspaper articles, government records, and government documents will also be collected and 
analyzed for this dissertation.  Newspaper articles provided public opinion information regarding 
Virginia political decisions and the administrative impact of Virginia’s current method of allocating 
highway funds.  Moreover, government documents and government records beyond those gathered 
from the Virginia legislature will be compiled and analyzed.  Miscellaneous data and highway funding 
processes from other states will also be used in this dissertation to provide additional context to 
published information.  This data captured in analyzed using MicroSoft data processing and 
spreadsheet software. 
Specifically, generally accepted or best practice techniques and/or variables will be considered 
when studying the selected geographic equity criteria for addressing this research question of “Which 
of the four allocation models; the current Secondary Highway System allocation model or one of three 
alternatives of this model based on Brian D. Taylor’s geographic equity categories (market, outcome, 
and opportunity) best maximizes statewide deficient lane miles reductions.”  
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Quantitative Research Design 
The purpose of this study is to determine which of the four allocation models -- the current 
Virginia Secondary Highway System allocation model or one of three alternatives of this model based 
on Brian D. Taylor’s geographic equity categories (outcome, opportunity, market) best maximizes 
statewide deficient lane miles reductions.   
To address this study’s purpose, the researcher will utilize the existing Secondary Highway 
Construction .20 area portion of the allocation model for Virginia as its control model or comparison 
group referred to as the baseline.  However, the .80 portion of this model for population will be 
ignored because this data changes constantly due people movement to new communities, to new work 
locations, to new schools, and to new areas of commerce (Weldon Cooper Center, 2012).  While 
Virginia creates population estimates obtained from birth records, death records, school enrollment 
and residential housing to determine locality specific population changes from the decennial census 
(Tippett, 2012), it is considered “unofficial” and cannot be included in the Highway Secondary 
Construction allocation model.  Consequently, the population data is held constant and updated every 
ten years (decennial census) from the official person count generated by the United States Census 
Bureau.   
In contrast, the .20 variable for area, which rarely changes due to locality annexations, will be 
examined with the introduction of geographic equity independent variables.  The goal is to determine 
which of the four allocation models -- the current Secondary Highway System allocation model or one 
of three alternatives of this model based on Brian D. Taylor’s geographic equity categories (outcome, 
opportunity, market) best maximizes statewide deficient lane miles reductions.” 
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Therefore, area portion of the Secondary Highway Construction model, expressed 
mathematically is; 
CSA1 = 0.20* (CA/TA) * TF 
            where 
 CSA1  = County Secondary Allocation 
 CA = County Area 
 TA = Total Area 
and TF = Total Funds 
 
Note:  CSA1 is the allocation from the 20 percent area portion of the total formula using 
Statewide Secondary Construction Allocations. 
 
Utilizing this model, the population for this study will be ninety five (95) counties in the 
Commonwealth of Virginia.  The dependent variable (DV) will be the 20 percent portion of the 
existing Secondary Highway Construction Formula Allocations as defined by the Virginia statutory 
formula.  That is, the 20 percent of the published total $111,950,890 fiscal year 2009 statewide 
Secondary Construction allocation or $22,390,178 for area will be utilized in this study.  Appendix A 
contains the total $111,950,890 county, construction district, and statewide distributions and 
calculations of statewide deficient lane miles reductions. 
These results also provide a snapshot of which county and construction district gained 
additional financial capacity, thus allowing for more ability to reduce deficient lane miles. 
The reasoning for using this data and this particular geographic distributional model is the 
majority of Virginia’s population work and reside within counties.  Moreover Virginia’s elected 
General Assembly is responsible for how these funds are distributed as defined by the Code of 
Virginia.  These variables or socioeconomic indicators were also selected because of the volume and 
frequency impact they have on the highway transportation system in Virginia (National Science 
Foundation 2006, Osberg 2004, Mansfield 2001).   
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Also, since the Secondary Highway Construction System is managed and maintained by state 
government forces but coordinated with each county’s Board of Supervisors, it is the most challenging 
area to implement changes because of the historical and political debates.  More importantly, this data 
is the same set used by Virginia to determine annual and six-year projected Secondary Highway 
Construction System allocations (Virginia Department of Transportation, 2009). 
Concerning the concept equitable distribution, this study proposes to apply Brian Taylor’s 
geographic equity approach to the .20 area portion Virginia’s existing Secondary Highway 
Construction System allocation model (.80 population + .20 area).  Unlike the .80 population portion 
of the model, which is updated with the official person count is generated by the United States Census 
Bureau, the .20 area data rarely changes due to locality annexations will be impacted with the 
introduction of geographic equity independent variables.   
Therefore, this study will focus on geographic (county, construction district, and statewide) 
units of analysis for the geographic market equity category, for the geographic opportunity equity 
category, and for the geographic outcome equity category to determine which of the four allocation 
models best maximizes statewide deficient lane miles reductions.” 
Each model will indicate how much funding will be allocated to each county.  These 
amounts will be converted using district lane miles to determine county deficient lane miles.  The 
county deficient lane miles for each county will be summed to determine statewide deficient lane 
miles reductions. 
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Therefore, Table 5 contains the independent variables and associated premises for this 
geographic equity study. 
Geographic Equity Type Premise Independent Variable  
Market Equity  Transportation spending in 
each jurisdiction is 
proportioned to revenue 
collections in that 
jurisdiction.   
2009 County Sales Tax 
Revenue as reported to the 
Virginia Department of 
Taxation as a proportion of 
statewide sales tax revenue. 
 
Opportunity Equity  Transportation spending is 
proportionately equal across 
jurisdictions.   
2009 Statewide Secondary 
Construction Allocation 
published by the Virginia 
Department of Transportation 
divided by the number of 
counties (95). 
 
Outcome Equity  Transportation spending in 
each jurisdiction produces 
equal levels of 
transportation capacity or 
service.   
Equal or the same number of 
deficient lane miles in each 
county whose cost is summed 
to the 2009 Statewide 
Secondary Construction 
Allocations.  Cost is officially 
known as the County 
Secondary Roadway Value.  
 
Table 5 Geographic Equity Variables 
The independent variables (IV) or equity criteria (indicators) are diagramed in the following 
systems model in Figure 4.  Within this model, equity considerations are prevalent preliminary 
components with resources where inputs and independent variables are established.  Also, equity 
components or processes are included in the selected allocation model.  The results or outputs are 
analyzed to measure financial, resource, and strategic outcomes. 
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Figure 4 – Systems Model 
 
While the current Secondary Highway System allocation model is reported at the county and 
state level, this study will delve deeper into the analysis by defining each of the three geographic 
equity indicators or independent variables.  The results of each model using the geographic equity 
indicators or independent variables is a quantitative measurement which will help the researcher 
measure county allocation changes as well as measure the reduction in potential deficient lanes miles 
at the county, construction district, statewide levels.  They will also be used to assess this study’s 
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proposition that Virginia’s existing Secondary Highway Construction funding allocation model 
(baseline) best meets the Commonwealth’s defined transportation needs than a model which includes 
defined geographic equity criteria or geographic outcome criteria.  Thus, the counter hypothesis for 
this study will also be assessed to produce positive recommendations that modifications are required 
to the existing model to meet the Commonwealth’s needs based on the defined geographic equity 
criteria.   
To determine which model produces the highest amount of statewide deficient statewide lane 
miles reductions, quantitative scenarios will be conducted based on each geographic equity category 
defined above.  These scenarios will involve comparing the existing model (baseline) to models with 
proposed independent variables which replaces the .20 area variable to determine the funding impact 
by county, construction district, and statewide.  However, the .80 portion of this model for population 
will be ignored because this data changes constantly due people movement to new communities, to 
new work locations, to new schools, and to new areas of commerce (Weldon Cooper Center, 2012).   
These scenarios will also involve comparing the statewide deficient lane miles reductions by 
dividing the individual county, construction district, and statewide funding by the construction district 
construction cost amount for a Virginia Secondary, Rural, Asphalt Paved line mile (where the counties 
are defined) published by the Virginia Department of Transportation (October 2000).  This report is 
the Governmental Accounting Standards Board (GASB, 2005) quantification of VDOT’s assets to 
include roadway values by construction district.  That is, the results of each scenario will be measured 
to define statewide deficient lane miles reductions via dollars invested. 
Expressed mathematically -                 (CSA1i/CSRV1-9i) 
                   where  
     SDLMR = Statewide Deficient Lane Mile Reductions 
     CSA = County Secondary Allocation 
     CSRV = County Secondary Roadway Value  
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While research conducted by the investigator will provide relevant information to address this 
question, the outcome of this research will lead to development of a foundation for future geographic 
equity considerations for improving Virginia’s method of allocating highway funds to maximize the 
reduction in deficient lane miles.   
 
Identification of Scenarios Using Existing Model  
As stated at the beginning of this chapter, this research will explore scenarios to determine if 
Virginia’s existing Secondary Highway Construction funding allocation model (baseline) best 
maximizes the Commonwealth’s statewide deficient lane miles reductions than a model based on 
Brian D. Taylor’s geographic equity categories (outcome, opportunity, and market).  To accomplish 
this, this study will utilize the existing Virginia Secondary Highway Construction funding model 
(baseline or control group).  The baseline data for this analysis is the actual fiscal year 2009 Secondary 
Construction allocation results which are treated as a snapshot in time. 
The researcher will introduce geographic equity criteria (independent variables) as indicators 
to assess the resource impact county allocations (dependent variable) and its ultimate impact on 
statewide deficient lane miles reductions.  This study will utilize the selected independent variables for 
the .20 area as the baseline or current model to assess the number of statewide deficient lane miles 
reductions.  However, the .80 portion of this model for population will be excluded because this data 
changes constantly due demographic shifts. 
These geographic equity scenarios (market, opportunity, and outcome) presume each group 
(county) receives a proportional share of Secondary Construction resources.  Each scenario will 
produce new county and construction district allocations from the baseline (current) model.  The 
results from each scenario will be analyzed to determine: 
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 changes in lane mileage impact by county using VDOT’s fiscal year 2000 average 
Secondary Highway Construction System district lane mile costs based on changes in 
funding amounts by county, construction district, and statewide . 
 percent change for each scenario (dollars and mileage) by county construction district, 
and statewide. 
 number of statewide deficient lane miles reductions (statewide summation of the 
county allocations divided by the construction district roadway value).  
 identification of the Gini Coefficient expressed mathematically as; 
 
Where: σX and σY are cumulative percentages of Xs and Ys (in fractions) and N is the 
number of elements (i.e. construction districts). 
 identification of Index of Dissimilarity (ID) expressed mathematically as; 
 
Where: X and Y are percentages (or fractions) of the total number of elements (i.e. 
construction districts) and their respective allocations. N is the number of elements (i.e. 
construction districts). 
Below are the four Secondary Construction Allocation (Dependent Variable) scenarios with 
the selected equity indicators (Independent Variables).  The results of scenarios 2 through 4 will be 
assessed against the baseline (current) allocation model to determine which maximizes deficient 
statewide Secondary Highway Construction lane miles.    
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Scenario #1:  Baseline (Current) Model  
 
                (CSA1i/CSRVi) 
 where  
 SDLMR = Statewide Deficient Lane Mile Reductions  
CSAi = County Secondary Allocation Based on 20 Percent Area Portion of the Total Formula 
Using Statewide Secondary Construction Allocations. 
 CSRV = County Secondary Roadway Value 
from applying  
 Independent Variable (IV) = 2009 Statewide Secondary Construction Allocations 
 to 
 CSA1i  = 0.20 * (CAi/TA)*TF 
 where  
CSA1 = County Secondary Allocation Based on 20 Percent Area Portion of the Total Formula 
Using the Current/Baseline Statewide Secondary Construction Allocations. 
CA = County Area 
 TA = Total Area 
 and TF = Total Funds 
 
 
Scenario # 2: Geographic Market Equity - Transportation spending in each jurisdiction  
 matches revenue collections in that jurisdiction expressed as;    
 
                 (CSA1i/CSRVi) 
 where  
 SDLMR = Statewide Deficient Lane Mile Reductions  
 CSA1i = County Secondary Allocation 
 CSRV = County Secondary Roadway Value 
 from applying  
Independent Variable (IV) = 2009 Total County Sales Tax Revenue 
to  
 CSA2 = 0.20 * (CSTR/TCSTR) * TF 
 where  
CSA2 = County Secondary Allocation Based on 20 Percent Area Portion of the Total Formula 
Using County Sales Tax Revenue. 
 CSTR = 2009 County Sales Tax Revenue 
 TCSTR = 2009 Total County Sales Tax Revenue  
 and TF = Total Funds 
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Scenario # 3:  Geographic Opportunity Equity - Transportation spending is proportionately  
 equal across jurisdictions expressed as: 
 
                (CSA1i/CSRVi) 
 where  
 SDLMR = Statewide Deficient Lane Mile Reductions  
 CSA1 = County Secondary Allocation 
CSRV = County Secondary Roadway Value 
from applying  
Independent Variable (IV) = 2009 Statewide Secondary Construction Allocations 
to 
CSA3 = 
  
     
 
where  
CSA3 = County Secondary Allocation from the 20 Percent Area Portion of the Total Formula 
Using Statewide Secondary Construction Allocations. 
N = Number of Counties (95)  
and TF = Total Funds 
 
 
Scenario # 4:  Geographic Outcome Equity - Spending in each jurisdiction produces equal levels of 
 transportation capacity/service express as 
 
                (CSA1i/CSRVi) 
 where  
 SDLMR = Statewide Deficient Lane Mile Reductions  
 CSA1 = County Secondary Allocation 
 CSRV = County Secondary Roadway Value 
from applying  
Independent Variable (IV) = 2009 County Secondary Construction Deficiency Lane Mile 
Values 
to 
CSA4 = 0.20 * (TCDLV*CLMR) * TF 
 where  
CSA4 = County Secondary Allocation from the 20 Percent Area Portion of the Total Formula 
Using Cost Officially Known as County Secondary Roadway Value. 
TCDLV = Total County Deficient Lane Mile Value 
 CLMR = Constant Number of Deficient Lane Mile Reductions by County 
and TF = Total Funds 
 
The judgment for selecting a geographic equity scenario or the current baseline model will be 
based on the gross statewide deficient lane miles reductions. 
The tradeoff for accepting a geographic distribution will be redirecting county funds and 
construction district funds to maximize the gross statewide deficient lane miles reductions. 
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As Levinson (2002) defined, the consequences could be positive for counties and construction 
districts that receive funds above the 2009 Secondary Construction allocation thereby providing 
additional financial ability to address more statewide deficient lane miles reductions.  Conversely, 
the consequences could be negative for counties and construction districts that receive funds below 
the 2009 Secondary Construction allocation thereby providing less financial ability to address more 
statewide deficient lane miles reductions.   
Chapter 4 will provide the statewide comparison of each allocation scenario and reduction in 
deficient lane mile results in from the three geographic equity scenarios against the baseline data 
(current model).  The resultant deficient lane mile reductions will be compared to determine which 
one best maximizes statewide deficient lane miles reductions.  Finally, chapter 5 will identify which of 
the four allocation models; the current Secondary Highway System allocation model or one of three 
alternatives of this model based on Brian D. Taylor’s geographic equity categories (outcome, 
opportunity, and market) best maximizes statewide deficient lane miles reductions.  Chapter 5 will 
also highlight policy and practice changes based on analysis as well as identify further study on this 
subject.   
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Chapter 4 
Analysis and Results 
Introduction 
This chapter provides the analysis and results of the quantitative procedures outlined in chapter 
three.  The purpose of this study to determine which of the four allocation models; the current Virginia 
Secondary Highway System allocation model or one of three alternatives of this model based on Brian 
D. Taylor’s geographic equity categories (market, opportunity, and outcome) best maximizes 
statewide deficient lane miles reductions.   
To address this study’s purpose, the existing Secondary Highway Construction allocation 
formula for Virginia was utilized as the control model or comparison group referred to as the baseline 
scenario.  The dependent variable for this geographic model is the published total fiscal year 2009 
statewide Secondary Construction allocation ($22,390,178) dedicated by Virginia statutory .20 area 
formula.  
Geographic equity quantitative scenarios were conducted to determine which model produced 
the highest amount of statewide deficient lane miles reductions.  These scenarios compared the 
existing model (baseline) to selected geographic equity criteria models (market, opportunity, and 
outcome) by impacting only the .20 area portion of Virginia’s Secondary Highway Construction 
allocation model.  Unlike the .80 portion of this model for population which was ignored because of 
constant demographic shifts, the .20 area variable rarely changes due to locality annexation(s). 
These scenarios also compared the aggregate statewide deficient lane miles reductions in 
relation to the construction district construction cost amount for a Virginia Secondary, Rural, Asphalt 
Paved line mile published by the Virginia Department of Transportation (October 2000).   
69 
 
The first section of this chapter contains a basic description of the data.  The second section 
provides an overview of the results for each geographic equity scenario against the baseline model.  
The third section provides an identification of the Gini Coefficient, and an identification of Index of 
Dissimilarity for each geographic equity scenario.  Finally, the fourth section summarizes the results 
of each geographic equity scenario.   
 
Basic Description of Data 
As defined in Chapter 3, the dependent variable (DV) for this study is County Secondary 
Highway Construction formula allocations.  Each geographic equity scenario (market, opportunity, 
and outcome) contains independent variables (IV) which replaces the .20 area variable to determine 
the funding impact by county, construction district, and statewide.   
The results of the four geographic equity scenarios for this study include; (1) changes in 
funding amounts by county, construction district, and statewide, (2) changes in lane mileage impact by 
county using VDOT’s fiscal year 2000, (3) average Secondary Highway Construction System district 
lane mile costs based on changes in funding amounts, (4) percent change (dollars), (5) percent change 
(mileage), and (6) number of statewide deficient lane miles reductions.   
As defined by Brian D. Taylor’s Geographic Equity Types for this study (2004, 2010), 
geographic market equity is based on the premise that transportation spending in each jurisdiction is 
proportioned to revenue collections in that jurisdiction.  The indicator for this category is “2009 
County Sales Tax Revenue” as reported to the Virginia Department of Taxation (2005, 2006). 
Taylor (2004, 2008) based his definition of geographic opportunity equity on the premise that 
transportation spending is proportionately equal across jurisdictions.  The indicator for this category is 
“statewide secondary construction allocations” as reported by the Virginia Department of 
Transportation (2009).   
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Lastly, Taylor’s geographic outcome equity is based on the premise that transportation 
spending in each jurisdiction produces equal levels of transportation capacity or service.  The indicator 
for this category is “2009 statewide secondary construction allocations” as reported by the Virginia 
Department of Transportation.  
The tradeoff for accepting a geographic distribution is redirecting county funds and 
construction district funds to maximize statewide deficient lane miles reductions. 
Therefore, consequences for each geographic equity scenario were either positive for counties 
and construction districts that received funds above the 2009 Secondary Construction allocation 
thereby providing additional financial ability to address more deficient lane miles.  Or, the 
consequences were negative for counties and construction districts that receive funds below the 2009 
Secondary Construction allocation thereby providing less financial ability to address more deficient 
lane miles.   
 
Overview of Results 
 As diagramed and discussed in Chapter 1, the current Code of Virginia provides further 
requirements regarding locality specific distributions of system allocation formula funds wherein 40% 
goes to the Primary System and 30% each to the Secondary System and Urban System.  Within each 
system, the Code of Virginia contains provisions for locality specific distributions of allocations.   
This study focuses on the 20% Secondary System Construction allocation geographic equity 
scenarios which are derived from weighted 80% population and 20% area for each county.   
The county allocations will be divided by the cost per lane mile to determine the number of 
miles that could be either replaced or reconstructed.  This number for each county is subtracted from 
the number of deficient lane miles with a CCR below 59 per county and summed to the statewide 
level.   
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The results for each of the four scenarios will be compared to determine if the current 
Secondary Highway System allocation model or one of three alternatives of this model based on Brian 
D. Taylor’s geographic equity categories (outcome, opportunity, market) best maximizes statewide 
deficient lane miles reductions.” 
 
Basic Description of Baseline Model  
Tables 6 to 14 show the county baseline data for each construction district.  The column 
labeled “FY 2009 Allocation’ is the actual county funding at 80% population and 20% area.  The 
individual county results are summed up to the respective construction total.  In addition, these district 
specific tables include a column for roadway values for each construction district that applies to each 
county therein (Secondary Roadway Value District-wide).  The impacted roadway miles which 
considers the individual county allocation divided by the roadway value the amount of deficient lane 
miles for each county is contained in the column entitled “Secondary Roadway Miles Impacted”.  
Next to this column is the deficient lane miles for each county as listed in the Virginia Department of 
Transportation’s 2009 State of the Pavement Report.  The balance of remaining deficient lane miles to 
be addressed is captured from subtracting each county amount of deficient lane miles (from 2009 State 
of Pavement) minus the calculated secondary.  Lastly the percent change (reduction in deficient lane 
miles) is derived from dividing the balance of remaining lane miles to be addressed by the deficient 
lane miles (from 2009 State of the Pavement).  If the percent change is negative, it represents a 
deficient lane miles decrease. 
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Scenario #1:  Baseline (Current) Model 
Table 6 below contains the statewide Secondary Highway construction baseline data from the 
nine VDOT construction districts.  The total number of deficient statewide lane miles is 6,113.  Of 
which, 102 lane miles with a Critical Condition Index (CCI) below 59 could be addressed.  These are 
roadways that require corrective action via total construction replacement or significant construction 
resurfacing.  This amount of investment would decrease the number of deficient lane miles to 6,011, 
thereby netting an overall 1.7% statewide deficient lane miles reductions. 
The Northern Virginia construction district would receive the largest financial benefit of 
$6,473,672 ability to 28.59 deficient lane miles. 
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Table 6:  Baseline (Current) Scenario 
VDOT Construction 
District 
 FY 2009 
Allocation  
District 
Secondary 
Roadway 
Value  
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane 
Miles 
(2009 
State of 
the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane 
Miles to 
Be 
Addressed 
Percent 
Change 
(Reduction 
in 
Deficient 
Lane 
Miles) 
Bristol  
           
1,714,640         191,951  8.93 703.62 694.69 -1.3% 
Culpeper  
           
1,503,500         172,271  8.73 341.01 332.28 -2.6% 
Fredericksburg  
           
1,913,689         198,853  9.62 783.13 773.51 -1.2% 
Lynchburg 
           
1,627,990         200,897  8.10 359.46 351.36 -2.3% 
No. Virginia 
           
6,473,672         226,457  28.59 875.49 846.90 -3.3% 
Richmond  
           
3,825,810         259,684  14.73     1,097.92      1,083.19  -1.3% 
Salem  
           
2,140,053         208,310  10.27 725.58 715.31 -1.4% 
Staunton  
           
1,675,681         228,246  7.34 653.01 645.67 -1.1% 
Hampton Roads  
           
1,515,143         255,595  5.93 574.20 568.27 -1.0% 
State Total 
        
22,390,178              102         6,113         6,011  -1.67% 
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 As with the baseline or current model, the Northern Virginia would benefit the most with the 
geographic market equity scenario (Table 7) compared to the other construction districts.  However, 
this scenario would net a smaller number of statewide Secondary road miles that could be worked on 
(100) versus same for the baseline or current model of 102 statewide Secondary road miles. 
  
Table 7:  Geographic Market Equity Scenario  
 
VDOT Construction 
District 
Scenario - 
2009 
Allocation 
Baseline 
Using 
Taxable 
Sales  
District 
Secondary 
Roadway 
Value 
Secondary 
Roadway 
Miles 
Impacted                   
Deficient 
Lane 
Miles 
(2009 
State of 
the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane 
Miles to 
Be 
Addressed 
Percent 
Change 
(Reduction 
in 
Deficient 
Lane 
Miles) 
Bristol  
            
1,054,910         191,951  5.50 703.62 698.12 -0.8% 
Culpeper  
            
1,154,322         172,271  6.70 341.01 334.31 -2.0% 
Fredericksburg  
            
1,425,209         198,853  7.17 783.13 775.96 -0.9% 
Lynchburg 
               
667,591         200,897  3.32 359.46 356.14 -0.9% 
No. Virginia 
            
9,808,712         226,457  43.31 875.49 832.18 -4.9% 
Richmond  
            
4,380,680         259,684  16.87 
      
1,097.92  
           
1,081.05  -1.5% 
Salem  
            
1,494,395         208,310  7.17 725.58 718.41 -1.0% 
Staunton  
            
1,155,525         228,246  5.06 653.01 647.95 -0.8% 
Hampton Roads  
            
1,248,834         255,595  4.89 574.20 569.31 -0.9% 
State Total 
        
22,390,178    
                       
100           6,113  
              
6,013  -1.64% 
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 Unlike the baseline scenario or the geographic market equity scenario, the geographic 
opportunity equity scenario noted in Table 8 will provide an additional five miles of statewide 
deficient lane miles reductions.  While the Richmond District and Fredericksburg District would 
receive the largest and same amount of allocations ($3,299,604), the Fredericksburg District would 
have to ability to reduce a larger number of deficient lane miles due to the lower cost of lane 
($198,853 versus $259,684). 
Table 8:  Geographic Opportunity Equity Scenario 
VDOT Construction 
District 
FY 2009 
Allocation 
Equal 
Allocation for 
Each County 
Summed to 
VDOT 
Construction 
District  
District 
Secondary 
Roadway 
Value 
Secondary 
Roadway 
Miles 
Impacted                   
Deficient 
Lane Miles 
(2009 State 
of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane 
Miles to 
Be 
Addressed 
Percent 
Change 
(Reduction 
in 
Deficient 
Lane 
Miles) 
Bristol  
           
2,828,232         191,951  14.73 703.62 688.89 -2.1% 
Culpeper  
           
2,121,174         172,271  12.31 341.01 328.70 -3.6% 
Fredericksburg  
           
3,299,604         198,853  16.59 783.13 766.54 -2.1% 
Lynchburg 
           
2,356,860         200,897  11.73 359.46 347.73 -3.3% 
No. Virginia 
              
942,744         226,457  4.16 875.49 871.33 -0.5% 
Richmond  
           
3,299,604         259,684  12.71 
                   
1,097.92  
                   
1,085.21  -1.2% 
Salem  
           
2,828,232         208,310  13.58 725.58 712.00 -1.9% 
Staunton  
           
2,592,546         228,246  11.36 653.01 641.65 -1.7% 
Hampton Roads  
           
2,356,860         255,595  9.22 574.20 564.98 -1.6% 
State Total 
       
22,390,178    
                 
106  
                     
6,113  
                     
6,007  -1.73% 
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The fourth scenario for the geographic outcome equity scenario (Table 9) provides only one 
additional deficient mile (101) above the baseline (current) model.  It is interesting to note that as a 
result of the same proportional amount of county secondary roadway allocations, the percent change 
in the reduction in deficient lane miles percent is the same for each construction district (-1.7%). 
 
  
Table 9:  Geographic Outcome Equity Scenario  
 
VDOT Construction 
District 
County 
Secondary 
Roadway 
Allocation 
District 
Secondary 
Roadway 
Value 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(2009 State 
of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles 
to Be 
Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane 
Miles) 
Bristol  
             
2,236,588         191,951  
                 
11.65  703.62 691.97 -1.7% 
Culpeper  
                
972,825         172,271  
                   
5.65  341.01 335.36 -1.7% 
Fredericksburg  
             
2,578,822         198,853  
                 
12.97  783.13 770.16 -1.7% 
Lynchburg 
             
1,195,862         200,897  
                   
5.95  359.46 353.51 -1.7% 
No. Virginia 
             
3,283,166         226,457  
                 
14.50  875.49 860.99 -1.7% 
Richmond  
             
4,721,416         259,684  
                 
18.18  
      
1,097.92  1079.74 -1.7% 
Salem  
             
2,502,942         208,310  
                 
12.02  725.58 713.56 -1.7% 
Staunton  
             
2,468,193         228,246  
                 
10.81  653.01 642.20 -1.7% 
Hampton Roads  
             
2,430,364         255,595  
                   
9.51  574.20 564.69 -1.7% 
State Total 
         
22,390,178    
                  
101  
         
6,113  
         
6,012  -1.65% 
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Tables 10 through 12 provides the comparative results of the baseline or current scenario 
against the geographic market scenario, geographic opportunity scenario, and the geographic outcome 
scenarios as noted below.   
 Test #1 Baseline Model - The total number of statewide deficient lane miles is 6,113 with a 
Critical Condition Index (CCI) below 59.  Of which, 102 lane miles could be addressed from 
the .20 area portion of the Secondary Highway Construction allocations.   
 Test #2 Geographic Market Equity Model - This scenario would provide 99.74 miles or 2.26 
less statewide deficient lane miles reductions than the baseline model. 
 Test #3 Geographic Opportunity Equity Model – This scenario will provide 106.15 miles or 
an additional 4.15 statewide deficient lane miles reductions above the baseline model. 
 Test #4 Geographic Outcome Equity Model  - This scenario would provide  100.99 miles or 
1.01 less statewide deficient lane miles reductions than the baseline model 
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Table 10:  Variance - Baseline vs. Geographic Market Equity Scenario 
(Gains or Losses) 
VDOT Construction 
District 
 (Gains or Losses)       
FY 2009 Allocation 
(Baseline) - Equal 
Allocation for Each 
County (Scenario)  
(Gains or Losses) 
Secondary 
Roadway Miles 
Impacted 
(Baseline vs. 
Geographic 
Market Equity 
Scenario) 
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / 
Geographic Market 
Equity Scenario -1) 
Bristol  -659,729.96 -3.44 -38.5% 
Culpeper  -349,177.96 -2.03 -23.2% 
Fredericksburg  -488,479.15 -2.46 -25.5% 
Lynchburg -960,399.15 -4.78 -59.0% 
No. Virginia 
               
3,335,039.85  14.73 51.5% 
Richmond  554,870.02 2.14 14.5% 
Salem  -645,657.98 -3.10 -30.2% 
Staunton  -520,156.39 -2.28 -31.0% 
Hampton Roads  -266,319.28 -1.04 -17.6% 
State Total 
                                
(0) -2.26 -1.59 
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Table 11:  Variance - Baseline vs Geographic Opportunity Scenario. 
(Gains or Losses) 
VDOT Construction 
District 
 (Gains or Losses)  
Equal Allocation 
for Each County - 
FY 2009 Allocation 
(Baseline)  
 
(Gains or Losses) 
Net Change in 
Secondary 
Roadway Miles 
Impacted 
(Scenario) - 
Secondary 
Roadway Miles 
Impacted 
(Baseline) 
(Gains or Losses) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / 
Secondary Roadway 
Miles Impacted 
(Baseline) -1) 
Bristol                   1,113,592  
                          
5.80  64.95% 
Culpeper                     617,674  3.59 41.08% 
Fredericksburg                   1,385,915  6.97 72.42% 
Lynchburg                    728,870  3.63 44.77% 
No. Virginia                 (5,530,928) -24.42 -85.44% 
Richmond                    (526,206) -2.03 -13.75% 
Salem                     688,179  3.30 32.16% 
Staunton                     916,865  4.02 54.72% 
Hampton Roads                     841,717  3.29 55.55% 
State Total                            (0)                         4.15  4.06% 
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Table 12:  Variance - Baseline vs. Geographic Outcome Equity Scenario 
(Gains or Losses) 
VDOT Construction 
District 
 (Gains or Losses)      
Service Level Cost 
vs. FY 2009 
Allocation 
(Baseline)  
(Gains or Losses) 
Geographic 
Outcome Equity 
Scenario 
Secondary 
Roadway Miles 
Impacted vs. 
Baseline 
Secondary 
Roadway Miles  
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / 
Geographic Market 
Equity Scenario -1) 
Bristol  
                 
521,948.17  2.72 30.4% 
Culpeper  
                
(530,675.09) -3.08 -35.3% 
Fredericksburg  
                 
665,133.41  3.34 34.8% 
Lynchburg 
                
(432,128.01) -2.15 -26.5% 
No. Virginia 
             
(3,190,506.53) -14.09 -49.3% 
Richmond  
                 
895,606.55  3.45 23.4% 
Salem  
                 
362,888.85  1.74 17.0% 
Staunton  
                 
792,512.45  3.47 47.3% 
Hampton Roads  
                 
915,220.26  3.58 60.4% 
State Total                               0  -1.01 -0.99% 
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Measures of Inequality 
This section provides two measures of inequality for the four scenarios in this study.  
Contained in Tables 69 to 72 in the following pages are the results of the Gini Coefficient and the 
Index of Dissimilarity for each geographic equity scenario in this study. 
As noted in chapter one, a Gini Coefficient is a statistical measure which represents the area of 
concentration between the Lorenz curve and the line of perfect equality.  It expresses a proportion of 
the area enclosed by the triangle defined by the line of perfect equality and the line of perfect 
inequality.  The closer the coefficient is to 1, the more unequal the distribution.  Furthermore, the 
index of dissimilarity is the summation of vertical deviations between the Lorenz curve and the line of 
perfect equality, also known as the summation of Lorenz differences.  The closer the ID is to 1 (or 100 
if percentages are used instead of fractions), the more dissimilar the distribution is to the line of 
perfect equality.  (Include other examples of the Gini Coefficient used in transportation). 
With regards to the Gini Coefficient, the following are the results for each geographic equity 
scenario: 
 baseline (current) model = 0.12116 
 geographic market equity scenario = 0.14136 
 geographic opportunity equity scenario = 0.08632 
 geographic outcome equity scenario = 0.17713 
The analysis shows that the geographic outcome equity scenario’s data is more unequal than 
the other geographic equity scenarios (baseline (current), market, and opportunity) for this study.  That 
is, the geographic outcome equity scenario’s Gini Coefficient is 0.17713 which is closer to 1 followed 
by the geographic market equity scenario (0.14136), and then the baseline (current) model (0.12116).  
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The geographic opportunity equity scenario wherein each county receives the same allocation had the 
most similar data with a Gini Coefficient of 0.08632. 
When applying the Index of Dissimilarity to the four geographic equity scenarios for this 
study, the following results were found: 
 baseline (current) model = 0.21000 
 geographic market equity scenario = 0.38373 
 geographic opportunity equity scenario = 0.11842 
 geographic outcome equity scenario = 4.15634 
The analysis shows that the geographic market equity scenario’s data is more dissimilar the 
distribution is to the line of perfect equality than the other geographic equity scenarios (baseline 
(current), opportunity, and outcome) for this study.  That is, the geographic market equity scenario’s 
Index of Dissimilarity is 0.38373 which is closer to 1 followed by the baseline (current) model 
(0.21000), geographic opportunity equity scenario (0.11842), and then the geographic outcome equity 
scenario (4.15634). 
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Table 13:  Baseline Scenario 
Construction District 
Name 
Secondary 
Pavement 
Allocation (B) 
Percent of Secondary 
Allocation (Y)              
i.e. B(district 
total)/$B$(statewide 
total) 
Percent 
of 
Districts 
(X)  
Cumulative % of 
Secondary Pavement 
Allocation (σY)                    
i.e.(B(district 
total)/$B$(statewide 
total) + previous district 
%)) 
Cumulative 
% of 
Districts 
(σX) |X-Y| 
σYi-1 + 
σYi (A) 
σXi-1 – 
σXi (B) A*B 
Bristol 
            
1,714,640  0.07658 0.1 0.07658 0.1 0.02342 0.07658 0.10000 0.00766 
Culpeper 
            
1,503,500  0.06715 0.1 0.14373 0.2 0.03285 0.22031 0.10000 0.02203 
Fredericksburg 
            
1,913,689  0.08547 0.1 0.22920 0.3 0.01453 0.37293 0.10000 0.03729 
Lynchburg 
            
1,627,990  0.07271 0.1 0.30191 0.4 0.02729 0.53111 0.10000 0.05311 
Northern VA 
            
6,473,672  0.28913 0.1 0.59104 0.5 0.18913 0.89295 0.10000 0.08930 
Richmond 
            
3,825,810  0.17087 0.1 0.76191 0.6 0.07087 1.35295 0.10000 0.13530 
Salem 
            
2,140,053  0.09558 0.1 0.85749 0.7 0.00442 1.61940 0.10000 0.16194 
Staunton 
            
1,675,681  0.07484 0.1 0.93233 0.8 0.02516 1.78982 0.10000 0.17898 
Hampton Roads 
            
1,515,143  0.06767 0.1 1.00000 0.9 0.03233 1.93233 0.10000 0.19323 
Statewide Total 22,390,178         0.42000     0.87884 
                    
Dissimilarity Index 0.21000 
 
              
Gini Concentration 
Ratio 0.12116 
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Table 14:  Geographic Market Equity Scenario 
Construction  
District Name 
Secondary 
Pavement 
Allocation (B) 
Percent of Secondary 
Allocation (Y)              
i.e. B(district 
total)/$B$(statewide 
total) 
Percent 
of 
Districts 
(X)  
Cumulative % of 
Secondary Pavement 
Allocation (σY)                    
i.e.(B(district 
total)/$B$(statewide 
total) + previous district 
%)) 
Cumulative 
% of Districts 
(σX) |X-Y| 
σYi-1 + 
σYi (A) 
σXi-1 – 
σXi (B) A*B 
Bristol        1,054,910  0.04711 0.1 0.04711 0.1 0.05289 0.04711 0.10000 0.00471 
Culpeper        1,154,322  0.05155 0.1 0.09867 0.2 0.04845 0.14578 0.10000 0.01458 
Fredericksburg        1,425,209  0.06365 0.1 0.16232 0.3 0.03635 0.26099 0.10000 0.02610 
Lynchburg           667,591  0.02982 0.1 0.19214 0.4 0.07018 0.35446 0.10000 0.03545 
Northern VA        9,808,712  0.43808 0.1 0.63022 0.5 0.33808 0.82236 0.10000 0.08224 
Richmond        4,380,680  0.19565 0.1 0.82587 0.6 0.09565 1.45609 0.10000 0.14561 
Salem        1,494,395  0.06674 0.1 0.89262 0.7 0.03326 1.71849 0.10000 0.17185 
Staunton        1,155,525  0.05161 0.1 0.94422 0.8 0.04839 1.83684 0.10000 0.18368 
Hampton Roads        1,248,834  0.05578 0.1 1.00000 0.9 0.04422 1.94422 0.10000 0.19442 
Statewide Total 22,390,178         0.76747     0.85864 
                    
Dissimilarity Index 0.38373 
 
              
 
Gini  
Concentration  
Ratio 0.14136 
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Table 15:  Geographic Opportunity Equity Scenario 
Construction 
District Name 
Secondary 
Pavement 
Allocation (B) 
Percent of 
Secondary 
Allocation (Y)              
i.e. B(district 
total)/$B$(statewid
e total) 
Percent of 
Districts 
(X)  
Cumulative % of 
Secondary Pavement 
Allocation (σY)                    
i.e.(B(district 
total)/$B$(statewide 
total) + previous district 
%)) 
Cumulative 
% of Districts 
(σX) |X-Y| 
σYi-1 + 
σYi (A) 
σXi-1 – 
σXi (B) A*B 
Bristol         2,828,232  0.12632 0.1 0.12632 0.1 0.02632 0.12632 0.10000 0.01263 
Culpeper         2,121,174  0.09474 0.1 0.22105 0.2 0.00526 0.34737 0.10000 0.03474 
Fredericksburg         3,299,604  0.14737 0.1 0.36842 0.3 0.04737 0.58947 0.10000 0.05895 
Lynchburg         2,356,860  0.10526 0.1 0.47368 0.4 0.00526 0.84210 0.10000 0.08421 
Northern VA           942,744  0.04211 0.1 0.51579 0.5 0.05789 0.98947 0.10000 0.09895 
Richmond         3,299,604  0.14737 0.1 0.66316 0.6 0.04737 1.17895 0.10000 0.11789 
Salem         2,828,232  0.12632 0.1 0.78947 0.7 0.02632 1.45263 0.10000 0.14526 
Staunton         2,592,546  0.11579 0.1 0.90526 0.8 0.01579 1.69474 0.10000 0.16947 
Hampton Roads         2,356,860  0.10526 0.1 1.01053 0.9 0.00526 1.91579 0.10000 0.19158 
Statewide Total 22,390,178         0.23684     0.91368 
                    
Dissimilarity 
Index 0.11842 
 
              
Gini 
Concentration 
Ratio 0.08632 
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Table 16:  Geographic Outcome Equity Scenario 
Construction 
District Name 
Secondary 
Pavement 
Allocation (B) 
Percent of Secondary 
Allocation (Y)              
i.e. B(district 
total)/$B$(statewide 
total) 
Percent 
of 
Districts 
(X)  
Cumulative % of 
Secondary Pavement 
Allocation (σY)                    
i.e.(B(district 
total)/$B$(statewide 
total) + previous district 
%)) 
Cumulative 
% of Districts 
(σX) |X-Y| 
σYi-1 + 
σYi (A) 
σXi-1 – 
σXi (B) A*B 
Bristol 
           
2,236,588  0.92027 0.1 0.09989 0.1 0.82027 0.09989 0.10000 0.00999 
Culpeper 
              
972,825  0.40028 0.1 0.14334 0.2 0.30028 0.24323 0.10000 0.02432 
Fredericksburg 
           
2,578,822  1.06108 0.1 0.25852 0.3 0.96108 0.40186 0.10000 0.04019 
Lynchburg 
           
1,195,862  0.49205 0.1 0.31193 0.4 0.39205 0.57044 0.10000 0.05704 
Northern VA 
           
3,283,166  1.35089 0.1 0.45856 0.5 1.25089 0.77049 0.10000 0.07705 
Richmond 
           
4,721,416  1.94268 0.1 0.66943 0.6 1.84268 1.12799 0.10000 0.11280 
Salem 
           
2,502,942  1.02986 0.1 0.78122 0.7 0.92986 1.45065 0.10000 0.14506 
Staunton 
           
2,468,193  1.01557 0.1 0.89145 0.8 0.91557 1.67267 0.10000 0.16727 
Hampton Roads 
           
2,430,364  1.00000 0.1 1.00000 0.9 0.90000 1.89145 0.10000 0.18915 
Statewide Total 22,390,178         8.31269     0.82287 
                    
Dissimilarity 
Index 4.15634 
 
              
Gini 
Concentration 
Ratio 0.17713 
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Conclusion 
These scenarios and statistical measures present the impact on the introduction of new 
independent variables to the 20% area portion of Virginia’s Secondary Construction Highway allocation 
model.  As defined, the results either provide for additional capacity (geographic opportunity equity) or 
lose capacity (geographic market equity and geographic outcome equity) relative to the baseline or current 
model concerning statewide deficient lane miles reductions.   
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Chapter 5 
Findings, Recommendation, and Future Research  
Summary 
This chapter contains a summary of the research findings.  It also contains a brief discussion of 
future locality specific funding recommendations and identifies opportunities for additional study on this 
subject. 
This study examined geographic equity criteria and associated factors to determine which scenario 
best maximized deficient Secondary lane miles in the Commonwealth of Virginia.  Deficient lane miles 
are defined as a stretch of county roadway with a Critical Condition Index (CCI) below 59 where 
corrective action via total construction replacement or significant construction resurfacing needs to occur.   
Based upon a review of the literature, the researcher decided to analyze geographic equity 
allocation consequences in relation to reducing the number of deficient lane miles on the Commonwealth 
of Virginia’s Secondary Construction System.  That is, the researcher was not concerned with building a 
new allocation model, but rather with modifying the existing model to evaluate how the introduction of 
geographic equity criteria indicators can address Virginia needs as defined by the total number of 
statewide deficient lane miles reductions.   
The goal of the study was to compare the existing model (baseline) to models with proposed 
independent variables that replace the .20 area formula variable to determine the funding impact by 
county, construction district, and statewide.  The area variable was studied because it rarely changes via 
locality annexations.  In contrast, the .80 portion of this model for population was excluded in this study 
because of the variability in this data due to people movement to new communities (Weldon Cooper 
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Center, 2012).  Consequently, the population data is held constant and updated every ten years (decennial 
census) from the official person count generated by the United States Census Bureau.   
These scenarios also involved comparing the aggregate statewide deficient lane miles reductions 
by dividing the individual county, construction district, and statewide funding by the construction district 
construction cost amount for a Virginia Secondary, Rural, Asphalt Paved line mile (where the counties are 
defined) published by the Virginia Department of Transportation (October 2000). 
The research question asked: :Which of the four allocation models -- the current Secondary 
Highway System allocation model or one of three alternatives of this model based on Brian D. Taylor’s 
geographic equity categories (market, opportunity, and outcome) best maximizes statewide deficient lane 
miles reductions”. 
 
Discussion of General Findings 
Based on a review of the statewide deficient lane miles reductions attributable to the four 
geographic equity scenarios are noted in Table 17 below.  These results are ranked by the number of 
statewide deficient lane miles reductions that could be addressed with the Secondary Construction 
highway allocation model.  
Geographic Equity Scenario   
Secondary 
Roadway Miles 
Impacted    
Variance Gain or 
Loss Lane Miles 
From Baseline Rank 
 
Gini 
Coefficient 
Baseline or Current Model 102 0 2 0.12116 
Geographic Market Equity  99.74 -2.26 4 0.14136 
Geographic Opportunity Equity  106.15 +4.15 1 0.08632 
Geographic Outcome Equity  100.99 -1.01 3 0.17713 
 
Table 17.   Statewide Lane Mile Scenario Results 
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Based upon the total statewide deficient lane miles reductions, the geographic opportunity equity 
model is selected because it provides the most or an additional 4.15 miles above the baseline/current 
model.  While this model would provide the same allocations for each county, it appears this more 
effectively utilizes the public funds by providing an additional $933,750 of statewide deficient lane miles 
reductions opportunities (given the average cost of a lane mile of $225,000). 
Hence, when comparing Virginia’s existing Secondary Highway Construction allocation model to the 
geographic market equity model, this study’s statewide deficient lane miles reductions proposition is 
accepted. 
When comparing Virginia’s existing Secondary Highway Construction allocation model to the 
geographic outcome equity model, this study’s statewide deficient lane miles reductions proposition is 
accepted. 
When comparing Virginia’s existing Secondary Highway Construction allocation model to the 
geographic opportunity equity model, this study’s statewide deficient lane miles reductions proposition is 
not accepted.   In this case, the Virginia’s existing Secondary Highway Construction funding allocation 
model (baseline) does not maximize statewide deficient lane miles reductions than the alternative of this 
model which is based upon geographic opportunity equity.  
Moreover, with regards to county allocation dispersions, the results are corroborated in that the 
geographic outcome equity scenario’s data is more unequal than the other geographic equity scenarios 
(baseline (current), market, and opportunity) for this study.  That is, the geographic outcome equity 
scenario’s Gini Coefficient is 0.17713 which is closer to 1 followed by the geographic market equity 
scenario (0.14136), and then the baseline (current) model (0.12116).  The geographic opportunity equity 
scenario wherein each county receives the same allocation had the most similar data with a Gini 
Coefficient of 0.08632. 
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Based upon the findings of this study this research agreed with Sandra Rosenbloom’s argument 
that the adoption of an equity concept would advance some interests at the expense of others and give the 
advantage to some rights or values over others.  This study also agreed with David Levenson’s (2002), 
research paper concerning issues surrounding transportation equity, both external and internal to 
transportation.  Levenson provided examples of transportation improvements that imposed transportation 
costs on more individuals (losers) than those who benefited (winners).  This study agreed with 
Levenson’s conclusion that based on a set of variables, policy makers would have strategic information on 
which to base transportation funding equity decisions and project selections. 
This study also agrees with H. George Friederickson’s (2003) description of social equality in 
public administration:  “Fairness in the delivery of public services; it is egalitarianism in action—
principle that each citizen, regardless of economic resources or personal traits, deserves and has a right to 
be given equal treatment by the political system.”  Therefore, considering the county specific allocations 
within the Secondary Highway Construction model, this study supports the notion that the most important 
matters of social equity were local, local in the sense of consequences.  
On the other hand, this study does not agree with Ramjerdi’s conclusion that it is difficult to make 
a judgment about the equity implication of a policy on the basis of a single measure and without a 
thorough examination of several measures.   
 
Limitations 
 
There were limitations in this study. First, the researcher only had one fiscal year to measure 
geographic equity allocation results for the reduction of deficient lane miles in Virginia.  Similar locality 
specific geographic studies were not available for other states to add depth to the data sets.   
In addition, this study focused on the 20% area portion of the Secondary Highway Construction 
model (allocation) which rarely changes due to locality annexations.  In contrast, the 80% portion of the 
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Secondary Highway Construction allocation for population was ignored in this study because the data 
fluctuates due to demographic shifts.  Finally, if the time period for the study would have been longer, 
more variations in the results could have occurred; perhaps at the county and construction districts thereby 
impacting the amount of deficient lane mile reductions in Virginia.  
While there were limitations to this study, geographic equity measures were garnered to prove that 
more contemporary variables to the existing Secondary Highway Construction allocation model could 
yield more reductions in deficient lane miles in Virginia. 
Future Recommendations 
 
While there are so many items that have not been explored in this study, there are four areas that 
warrants additional research related to statewide deficient lane miles reductions in the Commonwealth of 
Virginia.  First, as noted with the American Economic Review (2011), consider different mixes of tax 
revenues beyond gasoline sale tax such as Kenneth Small’s 2003 study of congestion pricing and 
allocation on the California highway system.  This approach could also be achieved by converting the 
existing 17.5 cents per gallon with a targeted statewide sales and use tax dedicated to transportation.  
Second, instead of allowing the current allocation formula to define locality specific distributions, 
consider using the National Advisory Council on State and Local Budgeting (2002) “Best Practices in 
Public Budgeting” wherein alternate allocation methodologies focused on vehicle miles travelled and not 
based on population and area are utilized.  These studies should entail setting priorities and establishing 
direction for the reduction in deficient Secondary Highway Construction lane miles.  Third, consider 
using non-decennial census to determine the cost of statewide deficient lane miles reductions changes, 
which is a policy option for allocating Secondary Construction Highway funds in Section 33.1-23.4 of the 
Code of Virginia.  Fourth, parallel to Farideh Ramjerdi’s January 2006 paper for the Transportation 
Research Record, entitled “Equity Measures and Their Performance in Transportation,”  consider more 
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research into the allocation and subsequent statewide deficient lanes mile reductions by either taking a top 
down approach of addressing the most deficient lane miles in each county first or a bottom up approach of 
addressing the least amount of deficient lane miles in each county.  Both approaches would be constrained 
by the statewide Secondary Highway Construction allocation amount.    
Findings from these studies support the equity theory literature in Chapter 2 that due to the broad 
definitions and usages of equity criteria and grouping, there was no definitive method that could be 
applied to all populations and circumstances.  Consequently, the use of equity theory, whether defined by 
markets, opportunities, or outcomes produces a level of public services.  Equity theories based on a set of 
criteria would address a measure of needs for a particular geographic region, group, or individual while 
foregoing needs for others due to resource and strategic constraints. 
 
 
Conclusion 
 
Instead of building a new allocation model, the researcher modified the existing fiscal year 2009 
Secondary Highway Construction allocation model to evaluate how the introduction of geographic equity 
criteria indicators could address Virginia’s statewide deficient lane miles reductions needs.  This study 
goes into great detail to determine which of the four geographic allocation models -- the current Virginia 
Secondary Highway System allocation model or one of three alternatives of this model based on Brian D. 
Taylor’s geographic equity categories (outcome, opportunity, and market) best maximizes statewide 
deficient lane miles reductions.   
While Taylor’s research focus has been on equity as it relates to transit and congestion pricing, 
this study applied his construct to highways.  This study also utilized the Lectric Law Library’s (2005) 
equity definition which states that “Equitable distribution does not necessarily mean equal distribution, 
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and ownership does not automatically split fifty-fifty.  Rather, the distribution must be fair and just 
(equitable).”  
Based on an extensive review of the geographic equity literature the researcher describes the 
necessity for this study, and why it is unique to the Commonwealth of Virginia.  From this information, 
the researcher designed an analysis to scenario the dependent and independent variables using quantitative 
statistics in relation to the Secondary Highway Construction allocation model. 
The results of the study revealed that the geographic opportunity equity scenario maximized more 
deficient Secondary Highway Construction lane miles than the baseline (current) model.  The geographic 
equity scenarios based on market and outcome provided less deficient Secondary Highway Construction 
lane miles than the Virginia’s existing Secondary Highway Construction baseline (current) model. 
The expected outcome of this study was achieved by contributing to transportation discourse in 
Virginia and by offering alternative analytical variables to addressing highway transportation allocation 
issues with regards to statewide deficient lane miles reductions. 
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APPENDIX A 
Baseline Model - District Results by County 
This section provides the total FY 2009 allocation results of the baseline (current) model by 
county.  These results are summed to the respective construction district and to the statewide level. 
Table 18.  Baseline Model – Bristol District 
  
Baseline Data – Bristol District 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient Lane 
Miles (from 
2009 State of 
the Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Bland 
               
291,072         191,951  1.52 68.80 67.28 -2.2% 
Buchanan 
               
810,524         191,951  4.22 29.08 24.86 -14.5% 
Dickenson 
               
506,018         191,951  2.64 18.70 16.06 -14.1% 
Grayson 
               
567,591         191,951  2.96 50.78 47.82 -5.8% 
Lee 
               
733,278         191,951  3.82 37.06 33.24 -10.3% 
Russell           791,493         191,951  4.12 53.03 48.91 -7.8% 
Scott 
               
751,190         191,951  3.91 72.20 68.29 -5.4% 
Smyth 
               
657,152         191,951  3.42 45.70 42.28 -7.5% 
Tazewell 
               
886,651         191,951  4.62 95.74 91.12 -4.8% 
Washington 
            
1,146,377         191,951  5.97 97.08 91.11 -6.2% 
Wise 
               
826,198         191,951  4.30 54.76 50.46 -7.9% 
Wythe 
               
605,654         191,951  3.16 80.69 77.53 -3.9% 
Bristol 
District 
Total 
           
8,573,199  191,951  44.66 703.62 658.96 -6.3% 
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Baseline Data – Culpeper District 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient Lane 
Miles (from 
2009 State of 
the Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Albemarle 
            
2,120,350         172,271  12.31 31.73 19.42 -38.8% 
Culpeper 
               
759,027         172,271  4.41 52.36 47.95 -8.4% 
Fauquier 
            
1,403,864         172,271  8.15 118.76 110.61 -6.9% 
Fluvanna 
               
638,120         172,271  3.70 8.12 4.42 -45.6% 
Greene 
               
398,545         172,271  2.31 6.22 3.91 -37.2% 
Louisa 
               
841,871         172,271  4.89 22.36 17.47 -21.9% 
Madison 
               
418,696         172,271  2.43 50.16 47.73 -4.8% 
Orange 
               
666,108         172,271  3.87 24.92 21.05 -15.5% 
Rappahannock 
               
270,921         172,271  1.57 26.38 24.81 -6.0% 
Culpeper 
District Total 
           
7,517,502  
       
172,271  43.64 341.01 297.37 -12.8% 
 
Table 19.  Baseline Model – Culpeper District 
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Table 20.  Baseline Model – Fredericksburg District 
  
Baseline Data – Fredericksburg District 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Caroline 
               
699,693         198,853  3.52 153.26 149.74 -2.3% 
Essex 
               
361,601         198,853  1.82 70.98 69.16 -2.6% 
Gloucester 
               
816,122         198,853  4.10 49.98 45.88 -8.2% 
King George 
               
451,162         198,853  2.27 42.50 40.23 -5.3% 
King & Queen 
               
334,733         198,853  1.68 45.72 44.04 -3.7% 
King William 
               
442,206         198,853  2.22 20.08 17.86 -11.1% 
Lancaster 
               
306,745         198,853  1.54 50.24 48.70 -3.1% 
Mathews 
               
237,336         198,853  1.19 2.92 1.73 -40.9% 
Middlesex 
               
272,041         198,853  1.37 37.20 35.83 -3.7% 
Northumberland 
               
363,840         198,853  1.83 43.14 41.31 -4.2% 
Richmond 
               
302,267         198,853  1.52 67.24 65.72 -2.3% 
Spotsylvania 
            
2,307,308         198,853  11.60 111.40 99.80 -10.4% 
Stafford 
            
2,208,791         198,853  11.11 49.59 38.48 -22.4% 
Westmoreland 
               
464,596         198,853  2.34 38.88 36.54 -6.0% 
Fredericksburg 
District Total 
           
9,568,443  198,853  48.12 783.13 735.01 -6.1% 
 
  
111 
 
  
Baseline Data – Lynchburg District 
County 
 FY 2009    
Allocation   
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Amherst 
               
847,468         200,897  4.22 13.26 9.04 -31.8% 
Appomattox 
               
464,596         200,897  2.31 4.80 2.49 -48.2% 
Buckingham 
               
672,825         200,897  3.35 15.78 12.43 -21.2% 
Campbell 
            
1,222,504         200,897  6.09 15.53 9.44 -39.2% 
Charlotte 
               
551,918         200,897  2.75 30.70 27.95 -8.9% 
Cumberland 
               
343,689         200,897  1.71 56.34 54.63 -3.0% 
Halifax 
            
1,202,353         200,897  5.98 48.76 42.78 -12.3% 
Nelson 
               
566,472         200,897  2.82 14.44 11.62 -19.5% 
Pittsylvania 
            
1,790,095         200,897  8.91 145.81 136.90 -6.1% 
Prince Edward 
               
478,030         200,897  2.38 14.04 11.66 -16.9% 
Lynchburg 
District Total 
           
8,139,949  200,897  40.52 359.46 318.94 -11.3% 
 
Table 21.  Baseline Model – Lynchburg District 
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Baseline Data – Northern Virginia (NOVA) District 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Arlington 
            
3,644,001         226,457  16.09 66.04 49.95 -24.4% 
Fairfax 
           
18,596,162         226,457  82.12 389.51 307.39 -21.1% 
Loudoun 
            
3,871,262         226,457  17.09 255.13 238.04 -6.7% 
Prince William 6,256,935              226,457  27.63 164.81 137.18 -16.8% 
NOVA 
District Total 
         
32,368,361  226,457  142.93 875.49 732.56 -16.3% 
 
Table 22.  Baseline Model – Northern Virginia District 
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Table 23.  Baseline Model – Richmond District 
  
Baseline Data – Richmond District 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Amelia 
               
460,118         259,684  1.77 16.56 14.79 -10.7% 
Brunswick 
               
708,649         259,684  2.73 68.89 66.16 -4.0% 
Charles City 
               
249,650         259,684  0.96 19.74 18.78 -4.9% 
Chesterfield 
            
5,460,964         259,684  21.03 174.04 153.01 -12.1% 
Dinwiddie 
               
791,493         259,684  3.05 92.53 89.48 -3.3% 
Goochland 
               
531,767         259,684  2.05 45.10 43.05 -4.5% 
Hanover 
            
1,926,675         259,684  7.42 91.07 83.65 -8.1% 
Henrico 
            
5,334,460         259,684  20.54 189.08 168.54 -10.9% 
Lunenburg 
               
526,169         259,684  2.03 11.72 9.69 -17.3% 
Mecklenburg 
               
846,349         259,684  3.26 150.63 147.37 -2.2% 
New Kent 
               
414,218         259,684  1.60 72.58 70.98 -2.2% 
Nottoway 
               
405,262         259,684  1.56 45.88 44.32 -3.4% 
Powhatan 
               
634,762         259,684  2.44 44.22 41.78 -5.5% 
Prince George 
               
838,512         259,684  3.23 75.88 72.65 -4.3% 
Richmond 
District Total 
         
19,129,049  259,684  73.66     1,097.92      1,024.26  -6.7% 
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Table 24.  Baseline Model – Salem District 
 Baseline Data – Salem District 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles 
to Be 
Addressed 
Percent 
Change 
(Reduction in 
Deficient Lane 
Miles) 
Bedford 
            
1,616,571  
       
208,310  7.76 107.38 99.62 -7.2% 
Botetourt 
               
859,783  
       
208,310  4.13 153.82 149.69 -2.7% 
Carroll 
               
860,902  
       
208,310  4.13 54.97 50.84 -7.5% 
Craig 
               
192,556  
       
208,310  0.92 16.68 15.76 -5.5% 
Floyd 
               
519,452  
       
208,310  2.49 35.18 32.69 -7.1% 
Franklin 
            
1,278,479  
       
208,310  6.14 71.16 65.02 -8.6% 
Giles 
               
383,992  
       
208,310  1.84 56.90 55.06 -3.2% 
Henry 
            
1,295,272  
       
208,310  6.22 70.04 63.82 -8.9% 
Montgomery 
               
719,844  
       
208,310  3.46 69.08 65.62 -5.0% 
Patrick 
               
664,988  
       
208,310  3.19 13.78 10.59 -23.2% 
Pulaski 
               
648,196  
       
208,310  3.11 25.90 22.79 -12.0% 
Roanoke 
            
1,660,232  
       
208,310  7.97 50.69 42.72 -15.7% 
Salem 
District Total 
         
10,700,266  208,310  51.37 725.58 674.21 -7.1% 
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Table 25.  Baseline Model – Staunton District 
  
Baseline Data – Staunton District 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Alleghany 
               
377,274         228,246  1.65 36.66 35.01 -4.5% 
Augusta 
            
1,671,427         228,246  7.32 56.18 48.86 -13.0% 
Bath 
               
242,933         228,246  1.06 11.14 10.08 -9.6% 
Clarke 
               
367,199         228,246  1.61 34.66 33.05 -4.6% 
Frederick 
            
1,474,393         228,246  6.46 188.11 181.65 -3.4% 
Highland 
               
244,053         228,246  1.07 9.40 8.33 -11.4% 
Page 
               
492,584         228,246  2.16 13.92 11.76 -15.5% 
Rockbridge 
               
697,454         228,246  3.06 80.24 77.18 -3.8% 
Rockingham     1,524,771         228,246  6.68 59.87 53.19 -11.2% 
Shenandoah 
               
803,807         228,246  3.52 103.29 99.77 -3.4% 
Warren 
               
482,508         228,246  2.11 59.54 57.43 -3.6% 
Staunton 
District Total 
           
8,378,405  228,246  36.71 653.01 616.30 -5.6% 
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Baseline Data – Hampton Roads 
County 
 FY 2009 
Allocation  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Accomack 
               
917,997         255,595  3.59 61.90 58.31 -5.8% 
Greensville 
               
426,533         255,595  1.67 23.86 22.19 -7.0% 
Isle of Wight 
               
658,271         255,595  2.58 64.08 61.50 -4.0% 
James City 
            
1,088,163         255,595  4.26 97.46 93.20 -4.4% 
Suffolk 
            
1,345,650         255,595  5.26 5.88 0.62 -89.5% 
Northampton 
               
377,274         255,595  1.48 4.20 2.72 -35.1% 
Southampton 
               
725,442         255,595  2.84 112.19 109.35 -2.5% 
Surry 
               
303,387         255,595  1.19 21.33 20.14 -5.6% 
Sussex 
               
551,918         255,595  2.16 112.64 110.48 -1.9% 
York 
            
1,181,082         255,595  4.62 70.66 66.04 -6.5% 
Hampton 
Roads District 
Total 
           
7,575,717  255,595  29.64 574.20 544.56 -5.2% 
 
Table 26.  Baseline Model – Hampton Roads District 
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APPENDIX B 
Geographic Market Equity Scenarios - District Results by County 
Tables 27 to 35 on the following pages provide the outcomes of the geographic market equity 
scenario.  As noted in Chapter 3, geographic market equity is based on the premise that transportation 
spending in each jurisdiction is proportioned to revenue collections in that jurisdiction.  The indicator 
(independent variable) for this category is “2009 County Sales Tax Revenue” as reported to the Virginia 
Department of Taxation.    
Since the researcher found there was not a one-to-one relationship between the reported 2009 
County Sales Tax Revenue and the baseline allocations for this study, a proxy factor was developed.  The 
proxy taxable sales factor is the individual county sales tax revenue divided by the statewide total for all 
county sales tax.  Afterwards, the proxy taxable sales factor multiplied by the baseline allocations for each 
county, which sums to the baseline allocation total of $111,950,890. 
As a result of these changes to the baseline model, new figures are reported for the number of 
secondary roadway miles impacted, which is the county baseline allocation multiplied by the county 
proxy factor.  In addition, the balance remaining of deficient lane miles to be addressed changed because 
of the new number of secondary roads impacted for each county.  Lastly, due to these changes, the 
percent changes in the reduction of deficient lane miles were amended for each county and for each 
construction district. 
Below are the individual county and construction district results for the geographic market equity 
scenario.  The variances against the baseline model will be discussed further in this chapter. 
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Table 27. Geographic Market Equity Scenario – Bristol District 
  
Geographic Market Equity Scenario – Bristol District 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Bland 15,489,051 
       
0.00028  
                 
31,502         191,951  0.16 68.80 68.64 -0.2% 
Buchanan 127,560,716 
       
0.00232  
               
259,434         191,951  1.35 29.08 27.73 -4.6% 
Dickenson 64,054,958 
       
0.00116  
               
130,276         191,951  0.68 18.70 18.02 -3.6% 
Grayson 35,319,877 
       
0.00064  
                 
71,834         191,951  0.37 50.78 50.41 -0.7% 
Lee 122,851,363 
       
0.00223  
               
249,856         191,951  1.30 37.06 35.76 -3.5% 
Russell 157,889,960 
       
0.00287  
               
321,118         191,951  1.67 53.03 51.36 -3.2% 
Scott 120,653,864 
       
0.00219  
               
245,387         191,951  1.28 72.20 70.92 -1.8% 
Smyth 187,575,308 
       
0.00341  
               
381,492         191,951  1.99 45.70 43.71 -4.3% 
Tazewell 532,354,983 
       
0.00967  
            
1,082,709         191,951  5.64 95.74 90.10 -5.9% 
Washington 601,650,200 
       
0.01093  
            
1,223,642         191,951  6.37 97.08 90.71 -6.6% 
Wise 312,327,420 
       
0.00567  
               
635,214         191,951  3.31 54.76 51.45 -6.0% 
Wythe 315,705,752 
       
0.00574  
               
642,085         191,951  3.35 80.69 77.34 -4.1% 
 
Bristol  
District Total     2,593,433,452  0.04711  5,274,549              191,951  27.48 703.62 676.14 -3.9% 
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Table 28. Geographic Market Equity Scenario – Culpeper District 
  
Geographic Market Equity Scenario – Culpeper District 
County 
Scenario - 
Taxable Sales for 
Each County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Albemarle 1,108,475,225 
       
0.02014              2,254,427         172,271  13.09 31.73 18.64 -41.2% 
Culpeper 480,170,802 
       
0.00872                 976,576         172,271  5.67 52.36 46.69 -10.8% 
Fauquier 587,631,303 
       
0.01068              1,195,130         172,271  6.94 118.76 111.82 -5.8% 
Fluvanna 90,658,684 
       
0.00165                 184,382         172,271  1.07 8.12 7.05 -13.2% 
Greene 105,375,993 
       
0.00191                 214,315         172,271  1.24 6.22 4.98 -20.0% 
Louisa 172,685,317 
       
0.00314                 351,209         172,271  2.04 22.36 20.32 -9.1% 
Madison 71,755,844 
       
0.00130                 145,938         172,271  0.85 50.16 49.31 -1.7% 
Orange 189,399,791 
       
0.00344                 385,203         172,271  2.24 24.92 22.68 -9.0% 
Rappahannock 31,680,550 
       
0.00058                   64,432         172,271  0.37 26.38 26.01 -1.4% 
Culpeper  
District Total 
          
2,837,833,508  0.05155              5,771,612  172,271  33.50 341.01 307.51 -9.8% 
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Table 29. Geographic Market Equity Scenario – Fredericksburg District 
  
Geographic Market Equity Scenario – Fredericksburg District 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Caroline 110,948,698 
       
0.00202                 225,649         198,853  1.13 153.26 152.13 -0.7% 
Essex 164,186,905 
       
0.00298                 333,925         198,853  1.68 70.98 69.30 -2.4% 
Gloucester 333,790,286 
       
0.00606                 678,866         198,853  3.41 49.98 46.57 -6.8% 
King George 108,703,459 
       
0.00197                 221,082         198,853  1.11 42.50 41.39 -2.6% 
King & Queen 10,935,587 
       
0.00020                   22,241         198,853  0.11 45.72 45.61 -0.2% 
King William 76,139,245 
       
0.00138                 154,853         198,853  0.78 20.08 19.30 -3.9% 
Lancaster 156,915,351 
       
0.00285                 319,136         198,853  1.60 50.24 48.64 -3.2% 
Mathews 37,936,707 
       
0.00069                   77,156         198,853  0.39 2.92 2.53 -13.3% 
Middlesex 78,146,239 
       
0.00142                 158,935         198,853  0.80 37.20 36.40 -2.1% 
Northumberland 61,993,865 
       
0.00113                 126,084         198,853  0.63 43.14 42.51 -1.5% 
Richmond 56,072,123 
       
0.00102                 114,040         198,853  0.57 67.24 66.67 -0.9% 
 
Spotsylvania 1,347,926,498 0.02449  2,741,426         198,853  13.79 111.40 97.61 -12.4% 
Stafford 879,152,862 
       
0.01597              1,788,029         198,853  8.99 49.59 40.60 -18.1% 
Westmoreland 80,945,000 
       
0.00147                 164,627         198,853  0.83 38.88 38.05 -2.1% 
Fred'burg Total 
          
3,503,792,823  
       
0.06365              7,126,047         198,853  35.84 783.13 747.29 -4.6% 
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Table 30. Geographic Market Equity Scenario – Lynchburg District 
  
Geographic Market Equity Scenario – Lynchburg District 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Amherst 225,671,259 
       
0.00410  
               
458,972         200,897  2.28 13.26 10.98 -17.2% 
Appomattox 77,312,061 
       
0.00140  
               
157,238         200,897  0.78 4.80 4.02 -16.3% 
Buckingham 106,085,130 
       
0.00193  
               
215,757         200,897  1.07 15.78 14.71 -6.8% 
Campbell 370,419,571 
       
0.00673  
               
753,363         200,897  3.75 15.53 11.78 -24.1% 
Charlotte 44,121,579 
       
0.00080  
                 
89,735         200,897  0.45 30.70 30.25 -1.5% 
Cumberland 29,821,670 
       
0.00054  
                 
60,652         200,897  0.30 56.34 56.04 -0.5% 
Halifax 270,520,889 
       
0.00491  
               
550,188         200,897  2.74 48.76 46.02 -5.6% 
Nelson 78,531,849 
       
0.00143  
               
159,719         200,897  0.80 14.44 13.64 -5.5% 
Pittsylvania 157,896,368 
       
0.00287  
               
321,131         200,897  1.60 145.81 144.21 -1.1% 
Prince Edward 280,851,800 
       
0.00510  
               
571,199         200,897  2.84 14.04 11.20 -20.3% 
Lynchburg  
District Total 
          
1,641,232,177  
       
0.02982  
            
3,337,953         200,897  16.62 359.46 342.84 -4.6% 
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Table 31. Geographic Market Equity Scenario – Northern Virginia District 
  
Geographic Market Equity Scenario – Northern Virginia (NOVA) District 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Arlington 2,959,336,528 
       
0.05376  
            
6,018,726         226,457  26.58 66.04 39.46 -40.2% 
Fairfax 12,932,168,326 
       
0.23494  
          
26,301,566         226,457  116.14 389.51 273.37 -29.8% 
Loudoun 4,113,301,056 
       
0.07473  
            
8,365,670         226,457  36.94 255.13 218.19 -14.5% 
Prince William 4,109,331,787 
       
0.07465  
            
8,357,598         226,457  36.91 164.81 127.90 -22.4% 
NOVA  
District Total 
        
24,114,137,697  0.43808  
          
49,043,560  226,457  216.57 875.49 658.92 -24.7% 
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Table 32. Geographic Market Equity Scenario – Richmond District 
  
Geographic Market Equity Scenario – Richmond District 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Amelia 52,631,040 
       
0.00096                 107,042         259,684  0.41 16.56 16.15 -2.5% 
Brunswick 53,669,629 
       
0.00098                 109,154         259,684  0.42 68.89 68.47 -0.6% 
Charles City 20,564,186 
       
0.00037                   41,824         259,684  0.16 19.74 19.58 -0.8% 
Chesterfield 3,345,047,845 
       
0.06077              6,803,190         259,684  26.20 174.04 147.84 -15.1% 
Dinwiddie 95,609,217 
       
0.00174                 194,451         259,684  0.75 92.53 91.78 -0.8% 
Goochland 194,700,272 
       
0.00354                 395,983         259,684  1.52 45.10 43.58 -3.4% 
Hanover 1,438,740,565 
       
0.02614              2,926,124         259,684  11.27 91.07 79.80 -12.4% 
Henrico 4,632,418,985 
       
0.08416              9,421,457         259,684  36.28 189.08 152.80 -19.2% 
Lunenburg 36,919,723 
       
0.00067                   75,088         259,684  0.29 11.72 11.43 -2.5% 
Mecklenburg 298,261,310 
       
0.00542                 606,607         259,684  2.34 150.63 148.29 -1.6% 
New Kent 96,749,625 
       
0.00176                 196,770         259,684  0.76 72.58 71.82 -1.0% 
Nottoway 110,611,764 
       
0.00201                 224,963         259,684  0.87 45.88 45.01 -1.9% 
Powhatan 259,048,779 
       
0.00471                 526,856         259,684  2.03 44.22 42.19 -4.6% 
Prince George 134,668,790 
       
0.00245                 273,891         259,684  1.05 75.88 74.83 -1.4% 
Richmond  
District Total 
        
10,769,641,730  
       
0.19565            21,903,399         259,684  84.35       1,097.92             1,013.57  -7.7% 
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Table 33. Geographic Market Equity Scenario – Salem District 
  
Geographic Market Equity Scenario – Salem District 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Bedford 335,456,497 
       
0.00609  
               
682,255         208,310  3.28 107.38 104.10 -3.1% 
Botetourt 166,563,450 
       
0.00303  
               
338,758         208,310  1.63 153.82 152.19 -1.1% 
Carroll 132,878,892 
       
0.00241  
               
270,250         208,310  1.30 54.97 53.67 -2.4% 
Craig 12,886,883 
       
0.00023  
                 
26,209         208,310  0.13 16.68 16.55 -0.8% 
Floyd 59,345,578 
       
0.00108  
               
120,698         208,310  0.58 35.18 34.60 -1.6% 
Franklin 340,399,968 
       
0.00618  
               
692,309         208,310  3.32 71.16 67.84 -4.7% 
Giles 124,648,378 
       
0.00226  
               
253,511         208,310  1.22 56.90 55.68 -2.1% 
Henry 343,985,994 
       
0.00625  
               
699,602         208,310  3.36 70.04 66.68 -4.8% 
Montgomery 897,455,302 
       
0.01630  
            
1,825,253         208,310  8.76 69.08 60.32 -12.7% 
Patrick 79,025,076 
       
0.00144  
               
160,722         208,310  0.77 13.78 13.01 -5.6% 
Pulaski 291,214,848 
       
0.00529  
               
592,275         208,310  2.84 25.90 23.06 -11.0% 
Roanoke 890,021,337 
       
0.01617  
            
1,810,134         208,310  8.69 50.69 42.00 -17.1% 
Salem  
District Total 
          
3,673,882,203  
       
0.06674  
            
7,471,976         208,310  35.87 725.58 689.71 -4.9% 
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Table 34. Geographic Market Equity Scenario – Staunton District 
  
Geographic Market Equity Scenario – Staunton District 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Alleghany 63,621,550 
       
0.00116  
               
129,394         228,246  0.57 36.66 36.09 -1.5% 
Augusta 394,755,753 
       
0.00717  
               
802,858         228,246  3.52 56.18 52.66 -6.3% 
Bath 59,861,255 
       
0.00109  
               
121,746         228,246  0.53 11.14 10.61 -4.8% 
Clarke 71,433,980 
       
0.00130  
               
145,283         228,246  0.64 34.66 34.02 -1.8% 
Frederick 813,226,140 
       
0.01477  
            
1,653,947         228,246  7.25 188.11 180.86 -3.9% 
Highland 7,978,254 
       
0.00014  
                 
16,226         228,246  0.07 9.40 9.33 -0.8% 
Page 153,255,687 
       
0.00278  
               
311,693         228,246  1.37 13.92 12.55 -9.8% 
Rockbridge 217,744,946 
       
0.00396  
               
442,852         228,246  1.94 80.24 78.30 -2.4% 
Rockingham 421,254,549 
       
0.00765  
               
856,751         228,246  3.75 59.87 56.12 -6.3% 
Shenandoah 313,123,017 
       
0.00569  
               
636,833         228,246  2.79 103.29 100.50 -2.7% 
Warren 324,533,521 
       
0.00590  
               
660,039         228,246  2.89 59.54 56.65 -4.9% 
Staunton  
District Total 
          
2,840,788,651  
       
0.05161  
            
5,777,623         228,246  25.31 653.01 627.70 -3.9% 
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Table 35. Geographic Market Equity Scenario – Hampton Roads District 
  
Geographic Market Equity Scenario – Hampton Roads 
County 
Scenario - 
Taxable Sales 
for Each 
County 
Taxable 
Sales 
Factor 
Scenario - 2009 
Allocation 
Baseline 
Incorporating 
Taxable Sales 
Factor  
Secondary 
Roadway 
Value 
District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent Change 
(Reduction in 
Deficient Lane 
Miles) 
Accomack 271,079,648 
       
0.00492  
               
551,324         255,595  2.16 61.90 59.74 -3.5% 
Greensville 35,419,647 
       
0.00064  
                 
72,037         255,595  0.28 23.86 23.58 -1.2% 
Isle of Wight 200,079,929 
       
0.00363  
               
406,924         255,595  1.59 64.08 62.49 -2.5% 
James City 787,049,384 
       
0.01430  
            
1,600,708         255,595  6.26 97.46 91.20 -6.4% 
Suffolk 632,874,977 
       
0.01150  
            
1,287,147         255,595  5.04 5.88 0.84 -85.6% 
Northampton 107,848,718 
       
0.00196  
               
219,344         255,595  0.86 4.20 3.34 -20.4% 
Southampton 42,834,335 
       
0.00078  
                 
87,117         255,595  0.34 112.19 111.85 -0.3% 
Surry 33,281,244 
       
0.00060  
                 
67,688         255,595  0.26 21.33 21.07 -1.2% 
Sussex 62,290,109 
       
0.00113  
               
126,686         255,595  0.50 112.64 112.14 -0.4% 
York 897,426,613 
       
0.01630  
            
1,825,195         255,595  7.14 70.66 63.52 -10.1% 
Hampton Roads 
District Total 
          
3,070,184,604  
       
0.05578  
            
6,244,170         255,595  24.43 574.20 549.77 -4.3% 
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APPENDIX C 
Geographic Opportunity Equity Scenarios - District Results by County 
Tables 36 to 44 on the following pages provide the outcomes of the geographic opportunity equity 
scenario.  As noted in Chapter 3, geographic opportunity equity is based on the premise that 
transportation spending is proportionately equal across jurisdictions.  The indicator (independent variable) 
for this category is “2009 Statewide Secondary Construction allocations” as reported by the Virginia 
Department of Transportation.   
This scenario involved dividing the baseline allocation total of $111,950,890 for Secondary 
Construction statewide by the number of counties in the Commonwealth of Virginia (95).   
Concerning each construction district, since each county receives the same allocations and since 
each county has the same roadway value, the number of miles that can be addressed are the same.  The 
variance in this analysis occurs when subtracting the individual county Secondary deficient lane miles as 
reported in the 2009 State of the Pavement Report (VDOT).  Lastly, due to these changes, the percent 
changes in the reduction of deficient lane miles were also amended for each county and for each 
construction district. 
Below are the individual county and the construction district results for the geographic opportunity 
equity scenario.  The variances against the baseline model will be discussed further in this chapter. 
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Table 36. Geographic Opportunity Equity Scenario – Bristol District 
  
Geographic Opportunity Equity Scenario – Bristol District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value District-
wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient Lane 
Miles (from 
2009 State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent 
Change 
(Reduction in 
Deficient 
Lane Miles) 
Bland 
           
1,166,155         191,951  6.08 68.80 62.72 -8.8% 
Buchanan 
           
1,166,155         191,951  6.08 29.08 23.00 -20.9% 
Dickenson 
           
1,166,155         191,951  6.08 18.70 12.62 -32.5% 
Grayson 
           
1,166,155         191,951  6.08 50.78 44.70 -12.0% 
Lee 
           
1,166,155         191,951  6.08 37.06 30.98 -16.4% 
Russell 
           
1,166,155         191,951  6.08 53.03 46.95 -11.5% 
Scott 
           
1,166,155         191,951  6.08 72.20 66.12 -8.41% 
Smyth 
           
1,166,155         191,951  6.08 45.70 39.62 -13.3% 
Tazewell 
           
1,166,155         191,951  6.08 95.74 89.66 -6.3% 
Washington 
           
1,166,155         191,951  6.08 97.08 91.00 -6.3% 
Wise 
           
1,166,155         191,951  6.08 54.76 48.68 -11.1% 
Wythe 
           
1,166,155         191,951  6.08 80.69 74.61 -7.5% 
Bristol  
District Total 
         
13,993,860         191,951  72.90 703.62 630.72 -10.4% 
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Table 37. Geographic Opportunity Equity Scenario – Culpeper District 
  
Geographic Opportunity Equity Scenario - Culpeper District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient Lane 
Miles (from 
2009 State of 
the Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane Miles) 
Albemarle 
           
1,166,155         172,271  6.77 31.73 24.96 -21.3% 
Culpeper 
           
1,166,155         172,271  6.77 52.36 45.59 -12.9% 
Fauquier 
           
1,166,155         172,271  6.77 118.76 111.99 -5.7% 
Fluvanna 
           
1,166,155         172,271  6.77 8.12 1.35 -83.4% 
Greene 
           
1,166,155         172,271  6.77 6.22 -0.55 -108.8% 
Louisa 
           
1,166,155         172,271  6.77 22.36 15.59 -30.3% 
Madison 
           
1,166,155         172,271  6.77 50.16 43.39 -13.5% 
Orange 
           
1,166,155         172,271  6.77 24.92 18.15 -27.2% 
Rappahannock 
           
1,166,155         172,271  6.77 26.38 19.61 -25.7% 
Culpeper  
District Total 
         
10,495,395  172,271  60.92 341.01 280.09 -17.9% 
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Table 38. Geographic Opportunity Equity Scenario – Fredericksburg District 
  
Geographic Opportunity Equity Scenario – Fredericksburg District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient Lane 
Miles (from 
2009 State of 
the Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane Miles) 
Caroline 
           
1,166,155         198,853  5.86 153.26 147.40 -3.8% 
Essex 
           
1,166,155         198,853  5.86 70.98 65.12 -8.3% 
Gloucester 
           
1,166,155         198,853  5.86 49.98 44.12 -11.7% 
King George 
           
1,166,155         198,853  5.86 42.50 36.64 -13.8% 
King & 
Queen 
           
1,166,155         198,853  5.86 45.72 39.86 -12.8% 
King William 
           
1,166,155         198,853  5.86 20.08 14.22 -29.2% 
Lancaster 
           
1,166,155         198,853  5.86 50.24 44.38 -11.7% 
Mathews 
           
1,166,155         198,853  5.86 2.92 -2.94 -200.8% 
Middlesex 
           
1,166,155         198,853  5.86 37.20 31.34 -15.8% 
Northumberl
and 
           
1,166,155         198,853  5.86 43.14 37.28 -13.6% 
Richmond 
           
1,166,155         198,853  5.86 67.24 61.38 -8.7% 
Spotsylvania 
           
1,166,155         198,853  5.86 111.40 105.54 -5.3% 
Stafford 
           
1,166,155         198,853  5.86 49.59 43.73 -11.8% 
Westmorelan
d 
           
1,166,155         198,853  5.86 38.88 33.02 -15.1% 
Fred’burg 
District 
Total 
         
16,326,170  198,853  82.10 783.13 701.03 -10.5% 
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Table 39. Geographic Opportunity Equity Scenario – Lynchburg District 
  
Geographic Opportunity Equity Scenario – Lynchburg District   
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient Lane 
Miles (from 
2009 State of 
the Pavement) 
Balance of 
Remaining 
Deficient 
Lane Miles to 
Be Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane Miles) 
Amherst 
           
1,166,155         200,897  5.80 13.26 7.46 -43.8% 
Appomattox 
           
1,166,155         200,897  5.80 4.80 -1.00 -120.9% 
Buckingham 
           
1,166,155         200,897  5.80 15.78 9.98 -36.8% 
Campbell 
           
1,166,155         200,897  5.80 15.53 9.73 -37.4% 
Charlotte 
           
1,166,155         200,897  5.80 30.70 24.90 -18.9% 
Cumberland 
           
1,166,155         200,897  5.80 56.34 50.54 -10.3% 
Halifax 
           
1,166,155         200,897  5.80 48.76 42.96 -11.9% 
Nelson 
           
1,166,155         200,897  5.80 14.44 8.64 -40.2% 
Pittsylvania 
           
1,166,155         200,897  5.80 145.81 140.01 -4.0% 
Prince 
Edward 
           
1,166,155         200,897  5.80 14.04 8.24 -41.3% 
Lynchburg 
District 
Total 
         
11,661,550  200,897  58.05 359.46 301.41 -16.1% 
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Table 40. Geographic Opportunity Equity Scenario – Northern Virginia District 
  
Geographic Opportunity Equity Scenario – Northern Virginia (NOVA) District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane Miles) 
Arlington 
           
1,166,155         226,457  5.15 66.04 60.89 -7.8% 
Fairfax 
           
1,166,155         226,457  5.15 389.51 384.36 -1.3% 
Loudoun 
           
1,166,155         226,457  5.15 255.13 249.98 -2.0% 
Prince 
William 
           
1,166,155         226,457  5.15 164.81 159.66 -3.1% 
NOVA 
District 
Total 
           
4,664,620         226,457  20.60 875.49 854.89 -2.4% 
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Table 41. Geographic Opportunity Equity Scenario – Richmond District 
  
Geographic Opportunity Equity Scenario – Richmond District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane Miles) 
Amelia 
           
1,166,155         259,684  4.49 16.56 12.07 -27.1% 
Brunswick 
           
1,166,155         259,684  4.49 68.89 64.40 -6.5% 
Charles City 
           
1,166,155         259,684  4.49 19.74 15.25 -22.7% 
Chesterfield 
           
1,166,155         259,684  4.49 174.04 169.55 -2.6% 
Dinwiddie 
           
1,166,155         259,684  4.49 92.53 88.04 -4.9% 
Goochland 
           
1,166,155         259,684  4.49 45.10 40.61 -10.0% 
Hanover 
           
1,166,155         259,684  4.49 91.07 86.58 -4.9% 
Henrico 
           
1,166,155         259,684  4.49 189.08 184.59 -2.4% 
Lunenburg 
           
1,166,155         259,684  4.49 11.72 7.23 -38.3% 
Mecklenburg 
           
1,166,155         259,684  4.49 150.63 146.14 -3.0% 
New Kent 
           
1,166,155         259,684  4.49 72.58 68.09 -6.2% 
Nottoway 
           
1,166,155         259,684  4.49 45.88 41.39 -9.8% 
Powhatan 
           
1,166,155         259,684  4.49 44.22 39.73 -10.2% 
Prince 
George 
           
1,166,155         259,684  4.49 75.88 71.39 -5.9% 
Richmond  
District 
Total 
         
16,326,170  259,684  62.87 
                   
1,097.92  
                   
1,035.05  -5.7% 
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Table 42. Geographic Opportunity Equity Scenario – Salem District 
  
Geographic Opportunity Equity Scenario – Salem District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane Miles) 
Bedford 
           
1,166,155         208,310  5.60 107.38 101.78 -5.2% 
Botetourt 
           
1,166,155         208,310  5.60 153.82 148.22 -3.6% 
Carroll 
           
1,166,155         208,310  5.60 54.97 49.37 -10.2% 
Craig 
           
1,166,155         208,310  5.60 16.68 11.08 -33.6% 
Floyd 
           
1,166,155         208,310  5.60 35.18 29.58 -15.9% 
Franklin 
           
1,166,155         208,310  5.60 71.16 65.56 -7.9% 
Giles 
           
1,166,155         208,310  5.60 56.90 51.30 -9.8% 
Henry 
           
1,166,155         208,310  5.60 70.04 64.44 -8.0% 
Montgomery 
           
1,166,155         208,310  5.60 69.08 63.48 -8.1% 
Patrick 
           
1,166,155         208,310  5.60 13.78 8.18 -40.6% 
Pulaski 
           
1,166,155         208,310  5.60 25.90 20.30 -21.6% 
Roanoke 
           
1,166,155         208,310  5.60 50.69 45.09 -11.0% 
Salem 
District 
Total 
         
13,993,860         208,310  67.18 725.58 658.40 -9.3% 
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Table 43. Geographic Opportunity Equity Scenario – Staunton District 
  
Geographic Opportunity Equity Scenario – Staunton District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent 
Change 
(Reduction 
in Deficient 
Lane Miles) 
Alleghany 
           
1,166,155         228,246  5.11 36.66 31.55 -13.9% 
Augusta 
           
1,166,155         228,246  5.11 56.18 51.07 -9.1% 
Bath 
           
1,166,155         228,246  5.11 11.14 6.03 -45.9% 
Clarke 
           
1,166,155         228,246  5.11 34.66 29.55 -14.7% 
Frederick 
           
1,166,155         228,246  5.11 188.11 183.00 -2.7% 
Highland 
           
1,166,155         228,246  5.11 9.40 4.29 -54.4% 
Page 
           
1,166,155         228,246  5.11 13.92 8.81 -36.7% 
Rockbridge 
           
1,166,155         228,246  5.11 80.24 75.13 -6.4% 
Rockingham 
           
1,166,155         228,246  5.11 59.87 54.76 -8.5% 
Shenandoah 
           
1,166,155         228,246  5.11 103.29 98.18 -4.9% 
Warren 
           
1,166,155         228,246  5.11 59.54 54.43 -8.6% 
Staunton 
District 
Total 
         
12,827,705  228,246  56.20 653.01 596.81 -8.6% 
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Table 44. Geographic Opportunity Equity Scenario – Hampton Roads District 
  
Geographic Opportunity Equity Scenario – Hampton Roads District 
County 
Equal 
Allocation for 
Each County 
(TF=T/95) 
Secondary 
Roadway 
Value 
District-wide 
Secondary 
Roadway 
Miles 
Impacted 
Deficient 
Lane Miles 
(from 2009 
State of the 
Pavement) 
Balance of 
Remaining 
Deficient Lane 
Miles to Be 
Addressed 
Percent 
Change 
(Reduction in 
Deficient 
Lane Miles) 
Accomack 
           
1,166,155         255,595  4.56 61.90 57.34 -7.4% 
Greensville 
           
1,166,155         255,595  4.56 23.86 19.30 -19.1% 
Isle of Wight 
           
1,166,155         255,595  4.56 64.08 59.52 -7.1% 
James City 
           
1,166,155         255,595  4.56 97.46 92.90 -4.7% 
Suffolk 
           
1,166,155         255,595  4.56 5.88 1.32 -77.6% 
Northampton 
           
1,166,155         255,595  4.56 4.20 -0.36 -108.6% 
Southampton 
           
1,166,155         255,595  4.56 112.19 107.63 -4.1% 
Surry 
           
1,166,155         255,595  4.56 21.33 16.77 -21.4% 
Sussex 
           
1,166,155         255,595  4.56 112.64 108.08 -4.1% 
York 
           
1,166,155         255,595  4.56 70.66 66.10 -6.5% 
Hampton 
Roads  
District 
Total 
         
11,661,550  255,595  45.63 574.20 528.57 -7.9% 
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APPENDIX D 
Geographic Outcome Equity Scenarios - District Results by County 
Tables 45 to 53 below provide the outcomes of the geographic opportunity equity scenario.  As 
noted in Chapter 3, geographic outcome equity is based on the premise that transportation spending in 
each jurisdiction produces equal levels of transportation capacity or service.  The indicator for this 
category is “2009 Statewide Secondary Construction allocations” as reported by the Virginia Department 
of Transportation.  
This scenario involved defining the total financial need of all deficient lane miles by multiplying 
the number of deficient lane miles for each county by the Secondary roadway value.  Since the total 
financial deficient miles financial need ($1,352,076,324) far exceeds the baseline allocation total of 
$111,950,890 for Secondary Construction statewide a singular service level factor was developed.  That 
is, the total financial deficient miles financial need ($1,352,076,324) was multiplied by the derived service 
factor for each county of 0.08279923799 to align with the baseline allocation total of $111,950,890 for 
Secondary Construction statewide.  
Due to these changes, service level miles (Secondary Roads Miles Impacted) the percent service 
level miles impacted (changes in the reduction of deficient lane miles) were also amended for each county 
and for each construction district.  Regarding the percent service level miles impacted, a positive result 
would provide that particular county and construction district with funds above the 2009 Secondary 
Construction allocation thereby providing additional financial ability to address more deficient lane miles.  
Conversely, if there was a negative result for county or construction district in terms of funds below the 
2009 Secondary Construction allocation, it will have less of a financial ability to address more deficient 
lane miles. 
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Below are the individual county and the construction district results for the geographic outcome 
equity scenario.  The variances against the baseline model will be discussed further in this chapter. 
 
Table 45. Geographic Outcome Equity Scenario – Bristol District 
  
Geographic Outcome Equity Scenario – Bristol District 
County 
Deficient 
Lane Miles 
(2009 State 
of the 
Pavement) 
Secondary 
Roadway 
Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level Miles  
Percent - 
Service Level 
Miles 
Impacted 
Bland 68.80            191,951  
          
13,206,262.74  
         
1,093,468.49  
                   
5.70  275.7% 
Buchanan 29.08            191,951  
            
5,581,949.43  
           
462,181.16  
                   
2.41  -43.0% 
Dickenson 18.70            191,951  
            
3,589,492.93  
           
297,207.28  
                   
1.55  -41.3% 
Grayson 50.78            191,951  
            
9,747,296.83  
           
807,068.75  
                   
4.20  42.2% 
Lee 37.06            191,951  
            
7,113,722.34  
           
589,010.79  
                   
3.07  -19.7% 
Russell 53.03            191,951  
          
10,179,187.69  
           
842,828.98  
                   
4.39  6.5% 
Scott 72.20            191,951  
          
13,858,897.82  
         
1,147,506.18  
                   
5.98  52.8% 
Smyth 45.70            191,951  
            
8,772,183.25  
           
726,330.09  
                   
3.78  10.5% 
Tazewell 95.74            191,951  
          
18,377,435.97  
         
1,521,637.69  
                   
7.93  71.6% 
Washington 97.08            191,951  
          
18,634,650.97  
         
1,542,934.90  
                   
8.04  34.6% 
Wise 54.76            191,951  
          
10,511,263.77  
           
870,324.63  
                   
4.53  5.3% 
Wythe 80.69            191,951  
          
15,488,566.00  
         
1,282,441.46  
                   
6.68  111.7% 
Bristol  
District Total 703.62 191,951  
        
135,060,909.74  
       
11,182,940.41  
                 
58.26  30.4% 
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Table 46. Geographic Outcome Equity Scenario – Culpeper District 
  
Geographic Outcome Equity Scenario – Culpeper District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway 
Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level Miles  
Percent - 
Service  
Level Miles 
Impacted 
Albemarle 31.73 
           
172,271  
            
5,466,149.73  
           
452,593.03  
                   
2.63  -78.7% 
Culpeper 52.36 
           
172,271  
            
9,020,094.55  
           
746,856.96  
                   
4.34  -1.6% 
Fauquier 118.76 
           
172,271  
          
20,458,869.92  
         
1,693,978.84  
                   
9.83  20.7% 
Fluvanna 8.12 
           
172,271  
            
1,398,838.19  
           
115,822.74  
                   
0.67  -81.8% 
Greene 6.22 
           
172,271  
            
1,071,523.84  
             
88,721.36  
                   
0.52  -77.7% 
Louisa 22.36 
           
172,271  
            
3,851,973.15  
           
318,940.44  
                   
1.85  -62.1% 
Madison 50.16 
           
172,271  
            
8,641,098.98  
           
715,476.41  
                   
4.15  70.9% 
Orange 24.92 
           
172,271  
            
4,292,986.18  
           
355,455.98  
                   
2.06  -46.6% 
Rappahannock 26.38 
           
172,271  
            
4,544,501.42  
           
376,281.25  
                   
2.18  38.9% 
Culpeper 
District Total 341.01 
           
172,271  
          
58,746,035.95  
         
4,864,127.01  
                 
28.24  -35.3% 
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Table 47.  Geographic Outcome Equity Scenario – Fredericksburg District 
  
Geographic Outcome Equity Scenario –Fredericksburg District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway 
Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level 
Miles  
Percent - 
Service  
Level Miles 
Impacted 
Caroline 153.26            198,853  
          
30,476,142.32  
         
2,523,401.36  
                 
12.69  260.6% 
Essex 70.98            198,853  
          
14,114,554.24  
         
1,168,674.34  
                   
5.88  223.2% 
Gloucester 49.98            198,853  
            
9,938,650.62  
           
822,912.70  
                   
4.14  0.8% 
King George 42.50            198,853  
            
8,451,233.52  
           
699,755.70  
                   
3.52  55.1% 
King & Queen 45.72            198,853  
            
9,091,538.74  
           
752,772.48  
                   
3.79  124.9% 
King William 20.08            198,853  
            
3,992,959.27  
           
330,613.98  
                   
1.66  -25.2% 
Lancaster 50.24            198,853  
            
9,990,352.28  
           
827,193.56  
                   
4.16  169.7% 
Mathews 2.92            198,853  
              
580,649.46  
             
48,077.33  
                   
0.24  -79.7% 
Middlesex 37.20            198,853  
            
7,397,314.98  
           
612,492.04  
                   
3.08  125.1% 
Northumberland 43.14            198,853  
            
8,578,499.15  
           
710,293.19  
                   
3.57  95.2% 
Richmond 67.24            198,853  
          
13,370,845.69  
         
1,107,095.83  
                   
5.57  266.3% 
Spotsylvania 111.40            198,853  
          
22,152,174.44  
         
1,834,183.16  
                   
9.22  -20.5% 
Stafford 49.59            198,853  
            
9,861,098.12  
           
816,491.41  
                   
4.11  -63.0% 
Westmoreland 38.88            198,853  
            
7,731,387.27  
           
640,152.97  
                   
3.22  37.8% 
Fredericksburg 
District Total 783.13 198,853  
        
155,727,400.09  
       
12,894,110.06  
                 
64.84  34.8% 
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Table 48.  Geographic Outcome Equity Scenario – Lynchburg District 
  
Geographic Outcome Equity Scenario – Lynchburg District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level Miles  
Percent - 
Service  
Level Miles 
Impacted 
Amherst 13.26            200,897  
            
2,663,898.29  
           
220,568.75  
                   
1.10  -74.0% 
Appomattox 4.80            200,897  
              
964,307.07  
             
79,843.89  
                   
0.40  -82.8% 
Buckingham 15.78            200,897  
            
3,170,159.50  
           
262,486.79  
                   
1.31  -61.0% 
Campbell 15.53            200,897  
            
3,119,935.17  
           
258,328.25  
                   
1.29  -78.9% 
Charlotte 30.70            200,897  
            
6,167,547.31  
           
510,668.22  
                   
2.54  -7.5% 
Cumberland 56.34            200,897  
          
11,318,554.26  
           
937,167.67  
                   
4.66  172.7% 
Halifax 48.76            200,897  
            
9,795,752.67  
           
811,080.86  
                   
4.04  -32.5% 
Nelson 14.44            200,897  
            
2,900,957.11  
           
240,197.04  
                   
1.20  -57.6% 
Pittsylvania 145.81            200,897  
          
29,292,836.29  
         
2,425,424.52  
                 
12.07  35.5% 
Prince Edward 14.04            200,897  
            
2,820,598.19  
           
233,543.38  
                   
1.16  -51.1% 
Lynchburg 
District Total 359.46 200,897  
          
72,214,545.85  
         
5,979,309.37  
                 
29.76  -26.5% 
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Table 49.  Geographic Outcome Equity Scenario – Northern Virginia District 
  
Geographic Outcome Equity Scenario – Northern Virginia (NOVA) District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level 
Miles  
Percent - 
Service  
Level Miles 
Impacted 
Arlington 66.04            226,457  
          
14,955,204.21  
         
1,238,279.51  
                   
5.47  -66.0% 
Fairfax 389.51            226,457  
          
88,207,171.29  
         
7,303,486.57  
                 
32.25  -60.7% 
Loudoun 255.13            226,457  
          
57,775,912.33  
         
4,783,801.51  
                 
21.12  23.6% 
Prince William 164.81            226,457  
          
37,322,338.07  
         
3,090,261.15  
                 
13.65  -50.6% 
NOVA  
District Total 875.49 226,457  
        
198,260,625.89  
       
16,415,828.75  
                 
72.49  -49.3% 
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Table 50.  Geographic Outcome Equity Scenario – Richmond District 
  
Geographic Outcome Equity Scenario – Richmond District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level 
Miles  
Percent - 
Service  
Level Miles 
Impacted 
Amelia 16.56            259,684  
            
4,300,367.87  
           
356,067.18  
                   
1.37  -22.6% 
Brunswick 68.89            259,684  
          
17,889,634.20  
         
1,481,248.08  
                   
5.70  109.0% 
Charles City 19.74            259,684  
            
5,126,163.15  
           
424,442.40  
                   
1.63  70.0% 
Chesterfield 174.04            259,684  
          
45,195,412.06  
         
3,742,145.68  
                 
14.41  -31.5% 
Dinwiddie 92.53            259,684  
          
24,028,565.15  
         
1,989,546.88  
                   
7.66  151.4% 
Goochland 45.10            259,684  
          
11,711,750.66  
           
969,724.03  
                   
3.73  82.4% 
Hanover 91.07            259,684  
          
23,649,426.43  
         
1,958,154.49  
                   
7.54  1.6% 
Henrico 189.08            259,684  
          
49,101,060.17  
         
4,065,530.37  
                 
15.66  -23.8% 
Lunenburg 11.72            259,684  
            
3,043,497.07  
           
251,999.24  
                   
0.97  -52.1% 
Mecklenburg 150.63            259,684  
          
39,116,208.45  
         
3,238,792.25  
                 
12.47  282.7% 
New Kent 72.58            259,684  
          
18,847,868.35  
         
1,560,589.14  
                   
6.01  276.8% 
Nottoway 45.88            259,684  
          
11,914,304.21  
           
986,495.31  
                   
3.80  143.4% 
Powhatan 44.22            259,684  
          
11,483,228.69  
           
950,802.59  
                   
3.66  49.8% 
Prince George 75.88            259,684  
          
19,704,825.71  
         
1,631,544.55  
                   
6.28  94.6% 
Richmond  
District Total       1,097.92  259,684  
        
285,112,312.18  
       
23,607,082.19  
                 
90.91  23.4% 
 
 
 
 
 
144 
 
Table 51.  Geographic Outcome Equity Scenario – Salem District 
  
Geographic Outcome Equity Scenario – Salem District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level 
Miles  
Percent - 
Service  
Level Miles 
Impacted 
Bedford 107.38            208,310  
          
22,368,279.12  
         
1,852,076.47  
                   
8.89  14.6% 
Botetourt 153.82            208,310  
          
32,042,174.47  
         
2,653,067.63  
                 
12.74  208.6% 
Carroll 54.97            208,310  
          
11,450,775.78  
           
948,115.51  
                   
4.55  10.1% 
Craig 16.68            208,310  
            
3,474,603.24  
           
287,694.50  
                   
1.38  49.4% 
Floyd 35.18            208,310  
            
7,328,329.85  
           
606,780.13  
                   
2.91  16.8% 
Franklin 71.16            208,310  
          
14,823,307.34  
         
1,227,358.55  
                   
5.89  -4.0% 
Giles 56.90            208,310  
          
11,852,813.21  
           
981,403.90  
                   
4.71  155.6% 
Henry 70.04            208,310  
          
14,590,000.65  
         
1,208,040.94  
                   
5.80  -6.7% 
Montgomery 69.08            208,310  
          
14,390,023.48  
         
1,191,482.98  
                   
5.72  65.5% 
Patrick 13.78            208,310  
            
2,870,505.55  
           
237,675.67  
                   
1.14  -64.3% 
Pulaski 25.90            208,310  
            
5,395,217.26  
           
446,719.88  
                   
2.14  -31.1% 
Roanoke 50.69            208,310  
          
10,559,210.92  
           
874,294.62  
                   
4.20  -47.3% 
Salem total 725.58 208,310  
        
151,145,240.87  
       
12,514,710.77  
                 
60.08  17.0% 
 
 
 
 
 
 
 
 
145 
 
Table 52.  Geographic Outcome Equity Scenario – Staunton District 
  
Geographic Outcome Equity Scenario – Staunton District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level 
Miles  
Percent - 
Service  
Level Miles 
Impacted 
Alleghany 36.66            228,246  
            
8,367,495.55  
           
692,822.26  
                   
3.04  83.6% 
Augusta 56.18            228,246  
          
12,822,855.97  
         
1,061,722.70  
                   
4.65  -36.5% 
Bath 11.14            228,246  
            
2,542,659.59  
           
210,530.28  
                   
0.92  -13.3% 
Clarke 34.66            228,246  
            
7,911,003.70  
           
655,025.08  
                   
2.87  78.4% 
Frederick 188.11            228,246  
          
42,935,340.64  
         
3,555,013.49  
                 
15.58  141.1% 
Highland 9.40            228,246  
            
2,145,511.68  
           
177,646.73  
                   
0.78  -27.2% 
Page 13.92            228,246  
            
3,177,183.25  
           
263,068.35  
                   
1.15  -46.6% 
Rockbridge 80.24            228,246  
          
18,314,452.89  
         
1,516,422.74  
                   
6.64  117.4% 
Rockingham 59.87            228,246  
          
13,665,083.43  
         
1,131,458.50  
                   
4.96  -25.8% 
Shenandoah 103.29            228,246  
          
23,575,521.42  
         
1,952,035.21  
                   
8.55  142.8% 
Warren 59.54            228,246  
          
13,589,762.28  
         
1,125,221.96  
                   
4.93  133.2% 
Staunton  
District Total 653.01 228,246  
        
149,046,870.40  
       
12,340,967.29  
                 
54.07  47.3% 
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Table 53.  Geographic Outcome Equity Scenario – Hampton Roads 
  
Geographic Outcome Equity Scenario  Hampton Roads District 
County 
Deficient Lane 
Miles (2009 
 State of the 
Pavement) 
Secondary 
Roadway Value 
District-wide 
Total Deficient 
Lane Mile Cost  
Service  
Level Cost  
Service 
Level 
Miles  
Percent - 
Service  
Level Miles 
Impacted 
Accomack 61.90            255,595  
          
15,821,301.82  
         
1,309,991.73  
                   
5.13  42.7% 
Greensville 23.86            255,595  
            
6,098,485.64  
           
504,949.96  
                   
1.98  18.4% 
Isle of Wight 64.08            255,595  
          
16,378,497.91  
         
1,356,127.15  
                   
5.31  106.0% 
James City 97.46            255,595  
          
24,910,243.54  
         
2,062,549.18  
                   
8.07  89.5% 
Suffolk 5.88            255,595  
            
1,502,895.88  
           
124,438.63  
                   
0.49  -90.8% 
Northampton 4.20            255,595  
            
1,073,497.05  
             
88,884.74  
                   
0.35  -76.4% 
Southampton 112.19            255,595  
          
28,675,151.07  
         
2,374,280.66  
                   
9.29  227.3% 
Surry 21.33            255,595  
            
5,451,831.47  
           
451,407.49  
                   
1.77  48.8% 
Sussex 112.64            255,595  
          
28,790,168.61  
         
2,383,804.02  
                   
9.33  331.9% 
York 70.66            255,595  
          
18,060,309.96  
         
1,495,380.90  
                   
5.85  26.6% 
Hampton 
Roads District 
Total 574.20 255,595  
        
146,762,382.95  
       
12,151,814.47  
                 
47.54  60.4% 
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APPENDIX E 
Variance Analysis - Baseline vs. Geographic Market Equity  
This section provides the variances between the baseline results in scenario #1 and the 
geographic market equity results in scenario #2.  The county and construction district variances 
are contained in Tables 54 to 62. 
With respect to the variances per county and per construction district, a positive value 
shows that a baseline (control) result is greater than the geographic market equity scenario result.  
Conversely, a negative result for a county or construction district demonstrates that the 
geographic market equity scenario provides a diminished ability to decrease deficient Secondary 
lane miles. 
The researcher found that the percent change in allocations was the same percent change 
for the deficient roadway miles impacted (Percent Change Secondary Roadway Miles Impacted 
(Baseline / Geographic Market Equity Scenario -1). 
Concerning the construction districts, Northern Virginia and Richmond realized positive 
gains from geographic market equity scenario results being greater than their 2009 baseline 
(control) allocations.  Of the two, the Northern Virginia district would be the biggest winner in 
that it would gain $16,675,199 above the baseline model.  This amount translates to a 51.5% 
positive financial change to be used to reduce 73.64 additional deficient lane miles.  The second 
winner would be the Richmond district, who would gain from the market equity scenario an 
additional $2,774,350 above the baseline model.  This amount translates to a 14% positive 
financial change to be used to reduce 10.68 additional deficient lane miles. 
Below is a discussion of each district results versus the baseline (current) model.  
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Table 54:  Variance - Baseline vs. Geographic Market Equal Distribution – Bristol District 
County Change in Allocations 
 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
 
Percent Change 
Secondary Roadway 
Miles Impacted (Baseline / 
Geographic Market 
Equity Scenario -1) 
Bland -259,570.54 
 
-1.35 -89.2% 
Buchanan -551,090.26 
 
-2.87 -68.0% 
Dickenson -375,742.45 
 
-1.96 -74.3% 
Grayson -495,757.11 
 
-2.58 -87.3% 
Lee -483,422.07 
 
-2.52 -65.9% 
Russell -470,374.71 
 
-2.45 -59.4% 
Scott -505,803.51 
 
-2.64 -67.3% 
Smyth -275,659.30 
 
-1.44 -41.9% 
Tazewell 196,057.52 
 
1.02 22.1% 
Washington 77,264.72 
 
0.40 6.7% 
Wise -190,983.12 
 
-0.99 -23.1% 
Wythe 36,431.01 
 
0.19 6.0% 
Bristol  
District Total -3,298,649.81 
 
-17.18 -38.5% 
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Table 55:  Variance - Baseline vs. Geographic Market Equal Distribution – Culpeper District 
County Change in Allocations  
 
(Gains or Losses) 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Albemarle 134,077.48 
 
0.78 6.3% 
Culpeper 217,548.86 
 
1.26 28.7% 
Fauquier -208,734.09 
 
-1.21 -14.9% 
Fluvanna -453,737.59 
 
-2.63 -71.1% 
Greene -184,230.48 
 
-1.07 -46.2% 
Louisa -490,661.67 
 
-2.85 -58.3% 
Madison -272,758.62 
 
-1.58 -65.1% 
Orange -280,904.72 
 
-1.63 -42.2% 
Rappahannock -206,488.95 
 
-1.20 -76.2% 
Culpeper  
District Total -1,745,889.78 
 
-10.13 -23.2% 
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Table 56:  Variance - Baseline vs. Geographic Market Equal Distribution – Fredericksburg District  
County  Change in Allocations 
 
(Gains or Losses) 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Caroline -474,044.56 
 
-2.38 -67.8% 
Essex -27,676.50 
 
-0.14 -7.7% 
Gloucester -137,256.17 
 
-0.69 -16.8% 
King George -230,079.97 
 
-1.16 -51.0% 
King & Queen -312,492.26 
 
-1.57 -93.4% 
King William -287,353.30 
 
-1.45 -65.0% 
Lancaster 12,390.48 
 
0.06 4.0% 
Mathews -160,179.86 
 
-0.81 -67.5% 
Middlesex -113,106.11 
 
-0.57 -41.6% 
Northumberland -237,756.69 
 
-1.20 -65.3% 
Richmond -188,227.39 
 
-0.95 -62.3% 
Spotsylvania 434,117.75 
 
2.18 18.8% 
Stafford -420,761.70 
 
-2.12 -19.0% 
Westmoreland -299,969.49 
 
-1.51 -64.6% 
Fred'burg  
District Total -2,442,395.77 
 
-12.28 -25.5% 
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Table 57:  Variance - Baseline vs. Geographic Market Equal Distribution – Lynchburg District 
County  Change in Allocations 
 
(Gains or Losses) 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Amherst -388,495.91 
 
-1.93 -45.8% 
Appomattox -307,358.20 
 
-1.53 -66.2% 
Buckingham -457,067.91 
 
-2.28 -67.9% 
Campbell -469,140.91 
 
-2.34 -38.4% 
Charlotte -462,183.01 
 
-2.30 -83.7% 
Cumberland -283,037.64 
 
-1.41 -82.4% 
Halifax -652,164.63 
 
-3.25 -54.2% 
Nelson -406,752.69 
 
-2.02 -71.8% 
Pittsylvania -1,468,963.61 
 
-7.31 -82.1% 
Prince Edward 93,168.73 
 
0.46 19.5% 
Lynchburg Total -4,801,995.77 
 
-23.90 -59.0% 
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Table 58:  Variance - Baseline vs. Geographic Market Equal Distribution 
Northern Virginia (NOVA) District 
County Change in Allocations  
 
(Gains or Losses) 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Arlington                   2,374,725.00  
 
10.49 65.2% 
Fairfax                   7,705,403.25  
 
34.03 41.4% 
Loudoun                   4,494,408.60  
 
19.85 116.1% 
Prince William                   2,100,662.40  
 
9.28 33.6% 
NOVA Total                 16,675,199.24  
 
73.64 51.5% 
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Table 59:  Variance - Baseline vs. Geographic Market Equal Distribution – Richmond District 
County  Change in Allocations 
 
(Gains or Losses) 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Amelia -353,076.65 
 
-1.36 -76.7% 
Brunswick -599,495.34 
 
-2.31 -84.6% 
Charles City -207,826.85 
 
-0.80 -83.2% 
Chesterfield 1,342,225.36 
 
5.17 24.6% 
Dinwiddie -597,041.87 
 
-2.30 -75.4% 
Goochland -135,783.48 
 
-0.52 -25.5% 
Hanover 999,449.28 
 
3.85 51.9% 
Henrico 4,086,997.40 
 
15.74 76.6% 
Lunenburg -451,081.50 
 
-1.74 -85.7% 
Mecklenburg -239,742.07 
 
-0.92 -28.3% 
New Kent -217,448.00 
 
-0.84 -52.5% 
Nottoway -180,298.98 
 
-0.69 -44.5% 
Powhatan -107,905.70 
 
-0.42 -17.0% 
Prince George -564,621.51 
 
-2.17 -67.3% 
Richmond  
District Total 2,774,350.08 
 
10.68 14.5% 
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Table 60:  Variance - Baseline vs. Geographic Market Equal Distribution – Salem District 
County  Change in Allocations 
 
(Gains or Losses) 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
(Gains or Losses) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Bedford -934,316.27 
 
-4.49 -57.8% 
Botetourt -521,024.52 
 
-2.50 -60.6% 
Carroll -590,652.00 
 
-2.84 -68.6% 
Craig -166,346.07 
 
-0.80 -86.4% 
Floyd -398,754.53 
 
-1.91 -76.8% 
Franklin -586,170.51 
 
-2.81 -45.8% 
Giles -130,480.51 
 
-0.63 -34.0% 
Henry -595,669.85 
 
-2.86 -46.0% 
Montgomery 1,105,408.81 
 
5.31 153.6% 
Patrick -504,266.34 
 
-2.42 -75.8% 
Pulaski -55,920.16 
 
-0.27 -8.6% 
Roanoke 149,902.07 
 
0.72 9.0% 
Salem  
District Total -3,228,289.88 
 
-15.50 -30.2% 
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Table 61:  Variance - Baseline vs. Geographic Market Equal Distribution – Staunton District 
County  Change in Allocations 
 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
 Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Alleghany -247,880.39 
 
-1.09 -65.7% 
Augusta -868,568.82 
 
-3.81 -52.0% 
Bath -121,187.05 
 
-0.53 -49.9% 
Clarke -221,915.82 
 
-0.97 -60.4% 
Frederick 179,553.75 
 
0.79 12.2% 
Highland -227,826.69 
 
-1.00 -93.4% 
Page -180,891.06 
 
-0.79 -36.7% 
Rockbridge -254,602.33 
 
-1.12 -36.5% 
Rockingham -668,019.66 
 
-2.93 -43.8% 
Shenandoah -166,974.85 
 
-0.73 -20.8% 
Warren 177,530.99 
 
0.78 36.8% 
Staunton  
District Total -2,600,781.93 
 
-11.39 -31.0% 
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Table 62:  Variance - Baseline vs. Geographic Market Equal Distribution – Hampton Roads 
County Change in Allocations 
 
Secondary Roadway 
Miles Impacted 
(Baseline vs. 
Geographic Market 
Equity Scenario) 
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Accomack -366,672.96 
 
-1.43 -39.9% 
Greensville -354,496.08 
 
-1.39 -83.1% 
Isle of Wight -251,346.79 
 
-0.98 -38.2% 
James City 512,545.79 
 
2.01 47.1% 
Suffolk -58,502.62 
 
-0.23 -4.3% 
Northampton -157,930.76 
 
-0.62 -41.9% 
Southampton -638,324.89 
 
-2.50 -88.0% 
Surry -235,699.20 
 
-0.92 -77.7% 
Sussex -425,231.68 
 
-1.66 -77.0% 
York 644,102.80 
 
2.52 54.5% 
Hampton  
Roads Total -1,331,556.40 
 
-5.21 -17.6% 
Variance Results – Baseline vs. Geographic Opportunity Equity Scenarios 
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APPENDIX F 
Variance Analysis:  Baseline vs. Geographic Opportunity 
Equity 
This section provides the variances between the baseline results in scenario #1 and the 
geographic opportunity equity results in scenario #3.  The county and construction district 
variances are contained in Tables 63 to 71. 
With respect to the variances per county and per construction district, a positive value 
shows that a baseline (control) result is greater than the geographic market equity scenario result.  
Conversely, a negative result for a county or construction district demonstrates that the 
geographic market equity scenario provides a diminished ability to decrease deficient Secondary 
lane miles. 
The researcher found that the percent change in allocations was the same percent change 
for the deficient roadway miles impacted (Percent Change Secondary Roadway Miles Impacted 
(Baseline / Geographic Market Equity Scenario -1). 
Below is a discussion of each geographic opportunity equity scenario results for each 
county and for each construction district versus the baseline (current) model. 
As shown in Table 51 below, all 12 counties for the Bristol district would realize a 
positive benefit in terms of additional funding and additional ability to reduce deficient lane 
miles.  Bland County would be the largest benefactor by receiving $887,358 or 304.9% from the 
geographic opportuity equity scenario above the baseline model.  This amount would provide 
Tazewell County with the ability to reduce an additional 4.62 miles of deficient lane mile.   
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The second largest benefactor is Dickenson County who would receive an additional 
$672,412 which could result in a 132.9% or 3.5 miles reduction from the baseline model.   
However, overall the Bristol district would receive $5,567,961 or 64.9% in allocations 
with the geographic opportunity equity scenario versus the baseline model.  This reduction in 
allocations would result in the Bristol district having the financial ability to reduce 29.01 miles of 
deficient lane miles.  
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Table 63. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Bristol 
District  
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Bristol District 
County  Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Bland                    887,358  
 
                          4.62  304.9% 
Buchanan                    367,906  
 
                          1.92  45.4% 
Dickenson                    672,412  
 
                          3.50  132.9% 
Grayson                    610,839  
 
                          3.18  107.6% 
Lee                    445,152  
 
                          2.32  60.7% 
Russell                    386,937  
 
                          2.02  48.9% 
Scott                    427,240  
 
                          2.23  56.9% 
Smyth                    521,278  
 
                          2.72  79.3% 
Tazewell                    291,779  
 
                          1.52  32.9% 
Washington                      32,053  
 
                          0.17  2.8% 
Wise                    352,232  
 
                          1.84  42.6% 
Wythe                    572,776  
 
                          2.98  94.6% 
Bristol Total                 5,567,961  
 
                        29.01  64.9% 
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Table 64. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Culpeper 
District 
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Culpeper District 
County Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Albemarle                  -941,920 
 
                        -5.47 -44.4% 
Culpeper                    419,403  
 
                          2.43  55.3% 
Fauquier                  -225,434 
 
                        -1.31 -16.1% 
Fluvanna                    540,310  
 
                          3.14  84.7% 
Greene                    779,885  
 
                          4.53  195.7% 
Louisa                    336,559  
 
                          1.95  40.0% 
Madison                    759,734  
 
                          4.41  181.5% 
Orange                    512,322  
 
                          2.97  76.9% 
Rappahannock                    907,509  
 
                          5.27  335.0% 
Culpeper Total                 3,088,368  
 
17.93 41.1% 
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Table 65. Variance – Baseline vs. Geographic Opportunity Equity Scenario – 
Fredericksburg District 
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Fredericksburg District 
County  Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Caroline                    478,737  
 
                          2.41  68.4% 
Essex                    816,829  
 
                          4.11  225.9% 
Gloucester                    362,308  
 
                          1.82  44.4% 
King George                    727,268  
 
                          3.66  161.2% 
King & Queen                    843,697  
 
                          4.24  252.1% 
King William                    736,224  
 
                          3.70  166.5% 
Lancaster                    871,685  
 
                          4.38  284.2% 
Mathews                    941,094  
 
                          4.73  396.5% 
Middlesex                    906,389  
 
                          4.56  333.2% 
Northumberland                    814,590  
 
                          4.10  223.9% 
Richmond                    876,163  
 
                          4.41  289.9% 
Spotsylvania               -1,128,878 
 
                        -5.68 -48.9% 
Stafford               -1,030,361 
 
                        -5.18 -46.6% 
Westmoreland                    713,834  
 
                          3.59  153.6% 
Fred'burg Total                 6,929,577  
 
34.85 72.4% 
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Table 66. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Lynchburg 
District 
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Lynchburg District 
County Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Amherst                    330,962  
 
                          1.65  39.1% 
Appomattox                    713,834  
 
                          3.55  153.6% 
Buckingham                    505,605  
 
                          2.52  75.1% 
Campbell                    -44,074 
 
                        -0.22 -3.6% 
Charlotte                    626,512  
 
                          3.12  113.5% 
Cumberland                    834,741  
 
                          4.16  242.9% 
Halifax                    -23,923 
 
                        -0.12 -2.0% 
Nelson                    611,958  
 
                          3.05  108.0% 
Pittsylvania                  -611,665 
 
                        -3.04 -34.2% 
Prince Edward                    700,400  
 
                          3.49  146.5% 
Lynchburg Total                 3,644,351  
 
18.14 44.8% 
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Table 67. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Northern VA 
District  
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Northern Virginia District 
County Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Arlington                 -2,465,571 
 
                       -10.89 -67.7% 
Fairfax               -17,417,732 
 
                       -76.91 -93.7% 
Loudoun                 -2,692,832 
 
                       -11.89 -69.6% 
Prince William                 -5,078,505 
 
                       -22.43 -81.2% 
NOVA Total               -27,654,641 
 
-122.12 -85.4% 
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Table 68. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Richmond 
District 
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Richmond District 
County  Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Amelia                    718,312  
 
                          2.77  156.1% 
Brunswick                    469,781  
 
                          1.81  66.3% 
Charles City                    928,780  
 
                          3.58  372.0% 
Chesterfield               -4,282,534 
 
                      -16.49 -78.4% 
Dinwiddie                    386,937  
 
                          1.49  48.9% 
Goochland                    646,663  
 
                          2.49  121.6% 
Hanover                  -748,245 
 
                        -2.88 -38.8% 
Henrico               -4,156,030 
 
                      -16.00 -77.9% 
Lunenburg                    652,261  
 
                          2.51  124.0% 
Mecklenburg                    332,081  
 
                          1.28  39.2% 
New Kent                    764,212  
 
                          2.94  184.5% 
Nottoway                    773,168  
 
                          2.98  190.8% 
Powhatan                    543,668  
 
                          2.09  85.6% 
Prince George                    339,918  
 
                          1.31  40.5% 
Richmond Total               -2,631,029 
 
-10.13 -13.8% 
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Table 69. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Salem 
District 
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Salem District 
County  Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Bedford                  -438,141 
 
                        -2.10 -27.1% 
Botetourt                    318,647  
 
                          1.53  37.1% 
Carroll                    317,528  
 
                          1.52  36.9% 
Craig                    985,874  
 
                          4.73  512.0% 
Floyd                    658,978  
 
                          3.16  126.9% 
Franklin                  -100,049 
 
                        -0.48 -7.8% 
Giles                    794,438  
 
                          3.81  206.9% 
Henry                  -116,842 
 
                        -0.56 -9.0% 
Montgomery                    458,586  
 
                          2.20  63.7% 
Patrick                    513,442  
 
                          2.46  77.2% 
Pulaski                    530,234  
 
                          2.55  81.8% 
Roanoke                  -481,802 
 
                        -2.31 -29.0% 
Salem total                 3,440,894  
 
16.52 32.2% 
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Table 70. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Staunton 
District 
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Staunton District 
County Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Alleghany                    801,156  
 
                          3.51  212.4% 
Augusta                  -492,997 
 
                        -2.16 -29.5% 
Bath                    935,497  
 
                          4.10  385.1% 
Clarke                    811,231  
 
                          3.55  220.9% 
Frederick                  -295,963 
 
                        -1.30 -20.1% 
Highland                    934,377  
 
                          4.09  382.9% 
Page                    685,846  
 
                          3.00  139.2% 
Rockbridge                    480,976  
 
                          2.11  69.0% 
Rockingham                  -346,341 
 
                        -1.52 -22.7% 
Shenandoah                    374,623  
 
                          1.64  46.6% 
Warren                    695,922  
 
                          3.05  144.2% 
Staunton Total                 4,584,325  
 
20.09 54.7% 
 
  
167 
 
Table 71. Variance – Baseline vs. Geographic Opportunity Equity Scenario – Hampton 
Roads District 
 
  
Variance - Baseline vs Geographic Opportunity Equity Distribution – Hampton Roads District 
County  Change in Allocations 
 
Change in Secondary 
Roadway Miles 
Impacted (Scenario) - 
Secondary Roadway 
Miles Impacted 
(Baseline) 
Percent Change 
(Secondary Roadway 
Miles Impacted 
(Scenario) / Secondary 
Roadway Miles 
Impacted (Baseline) -1) 
Accomack                    260,433  
 
                          1.02  28.4% 
Greensville                    751,897  
 
                          2.94  176.3% 
Isle of Wight                    520,159  
 
                          2.04  79.0% 
James City                      90,267  
 
                          0.35  8.3% 
Suffolk                  -167,220 
 
                        -0.65 -12.4% 
Northampton                    801,156  
 
                          3.13  212.4% 
Southampton                    452,988  
 
                          1.77  62.4% 
Surry                    875,043  
 
                          3.42  288.4% 
Sussex                    626,512  
 
                          2.45  113.5% 
York                      -2,652 
 
                        -0.01 -0.2% 
Hampton Roads 
Total                 4,208,583  
 
16.47 55.6% 
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APPENDIX G 
Variance Analysis:  Baseline vs. Geographic Outcome Equity 
 
This section provides the variances between the baseline results in scenario #1 and the 
geographic outcome equity results in scenario #4.  The county and construction district variances 
are contained in Tables 72 to 80. 
With respect to the variances per county and per construction district, a positive value 
shows that a baseline (control) result is greater than the geographic outcome equity scenario 
result.  Conversely, a negative result for a county or construction district demonstrates that the 
geographic outcome equity scenario provides a diminished ability to decrease deficient 
Secondary lane miles. 
The researcher found that the percent change in allocations was the same percent change 
for the deficient roadway miles impacted (Percent Change Secondary Roadway Miles Impacted 
(Baseline / Geographic Market Equity Scenario -1). 
Below is a discussion of each geographic outcome equity scenario results for each county 
and for each construction district versus the baseline (current) model. 
As shown in Table 60 below, 3 of the 12 counties for the Bristol district would realize a 
negative financial impact thereby reducing their ability to reduce deficient lane miles.  For 
instance, Buchanan County would experience the largest reduction in allocations of $348,343 
from the geographic outcome equity scenario versus the baseline (current) model.  Consequently, 
Buchanan County’s decreased allocations would add an additional 43% or 1.81 miles of deficient 
lane mile.   
169 
 
Conversely, Bland County who be the largest benefactor with the geographic outcome 
equity scenario in that it would receive an additional $802,396 above the baseline (current) 
model.  This additional funding would allow Bland County to reduce an additional 4.18 miles of 
deficient lane miles above the baseline (current) model.   
However, overall the Bristol district would receive an additional 30% or $2,609,741 in 
allocations with the geographic outcome equity scenario versus the baseline (current) model.  
This increase in allocations would result in the Bristol district having the financial ability to 
reduce an extra 13.60 deficient lane miles. 
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Table 72. Variance – Baseline vs. Geographic Outcome Equity Scenario – Bristol District 
 
  
Variance - Baseline vs. Geographic Outcome Equity Scenario – Bristol District                                             
County Change in Allocations 
 
Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Bland                  802,396.18  
 
4.18 276% 
Buchanan                 -348,343.28 
 
-1.81 -43% 
Dickenson                 -208,810.74 
 
-1.09 -41% 
Grayson                  239,477.74  
 
1.25 42% 
Lee                 -144,267.54 
 
-0.75 -20% 
Russell                   51,336.19  
 
0.27 6% 
Scott                  396,315.71  
 
2.06 53% 
Smyth                   69,178.36  
 
0.36 11% 
Tazewell                  634,986.65  
 
3.31 72% 
Washington                  396,557.79  
 
2.07 35% 
Wise                   44,127.06  
 
0.23 5% 
Wythe                  676,787.15  
 
3.53 112% 
Bristol Total               2,609,741.25  
 
13.60 30% 
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Table 73. Variance – Baseline vs. Geographic Outcome Equity Scenario – Culpeper District 
 
  
Variance - Baseline vs. Geographic Outcome Equity Scenario – Culpeper District                                             
County  Change in Allocations 
 
 Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
 Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Albemarle              -1,667,756.82 
 
-9.68 -79% 
Culpeper                  -12,170.08 
 
-0.07 -2% 
Fauquier                  290,114.68  
 
1.68 21% 
Fluvanna                 -522,297.34 
 
-3.03 -82% 
Greene                 -309,823.81 
 
-1.80 -78% 
Louisa                 -522,930.25 
 
-3.04 -62% 
Madison                  296,780.08  
 
1.72 71% 
Orange                 -310,651.81 
 
-1.80 -47% 
Rappahannock                  105,360.10  
 
0.61 39% 
Culpeper Total              -2,653,375.25 
 
-15.40 -35% 
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Table 74. Variance – Baseline vs. Geographic Outcome Equity Scenario – Fredericksburg 
District 
 
 
Variance - Baseline vs. Geographic Outcome Equity Scenario – Fredericksburg District                                             
County Change in Allocations 
 
 Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Caroline               1,823,708.30  
 
9.17 261% 
Essex                  807,072.96  
 
4.06 223% 
Gloucester                     6,790.71  
 
0.03 1% 
King George                  248,593.61  
 
1.25 55% 
King & Queen                  418,039.32  
 
2.10 125% 
King William                 -111,592.03 
 
-0.56 -25% 
Lancaster                  520,448.12  
 
2.62 170% 
Mathews                 -189,258.55 
 
-0.95 -80% 
Middlesex                  340,451.38  
 
1.71 125% 
Northumberland                  346,452.80  
 
1.74 95% 
Richmond                  804,828.43  
 
4.05 266% 
Spotsylvania                 -473,124.68 
 
-2.38 -21% 
Stafford              -1,392,299.65 
 
-7.00 -63% 
Westmoreland                  175,556.78  
 
0.88 38% 
Fred'burg Total               3,325,667.49  
 
16.72 35% 
 
  
173 
 
Table 75. Variance – Baseline vs. Geographic Outcome Equity Scenario – Lynchburg 
District 
 
 
Variance - Baseline vs. Geographic Outcome Equity Scenario – Lynchburg District                                             
County Change in Allocations 
 
Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Amherst                 -626,899.49) 
 
-3.12 -74% 
Appomattox                 -384,752.30 
 
-1.92 -83% 
Buckingham                 -410,338.06 
 
-2.04 -61% 
Campbell                 -964,175.46 
 
-4.80 -79% 
Charlotte                  -41,249.67 
 
-0.21 -7% 
Cumberland                  593,478.44  
 
2.95 173% 
Halifax                 -391,271.70 
 
-1.95 -33% 
Nelson                 -326,274.47 
 
-1.62 -58% 
Pittsylvania                  635,329.79  
 
3.16 35% 
Prince Edward                 -244,486.92 
 
-1.22 -51% 
Lynchburg Total              -2,160,639.84 
 
-10.75 -27% 
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Table 76. Variance – Baseline vs. Geographic Outcome Equity Scenario – Northern VA 
District 
 
Variance - Baseline vs. Geographic Outcome Equity Scenario  Northern VA District 
County Change in Allocations 
 
Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
 Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Arlington              -2,405,721.96 
 
-10.62 -66% 
Fairfax            -11,292,675.77 
 
-49.87 -61% 
Loudoun                  912,539.74  
 
4.03 24% 
Prince William              -3,166,674.09 
 
-13.98 -51% 
NOVA Total            --15,952,532.08 
 
-70.44 -49% 
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Table 77. Variance – Baseline vs. Geographic Outcome Equity Scenario – Richmond 
District 
 
  
Variance - Baseline vs. Geographic Outcome Equity Scenario  Richmond District 
County     Change in Allocations 
 
 Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
 Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Amelia                 -104,050.98 
 
-0.40 -23% 
Brunswick                  772,598.95  
 
2.98 109% 
Charles City                  174,791.92  
 
0.67 70% 
Chesterfield              -1,718,818.73 
 
-6.62 -31% 
Dinwiddie               1,198,054.09  
 
4.61 151% 
Goochland                  437,957.30  
 
1.69 82% 
Hanover                   31,479.67  
 
0.12 2% 
Henrico              -1,268,929.54 
 
-4.89 -24% 
Lunenburg                 -274,169.95 
 
-1.06 -52% 
Mecklenburg               2,392,443.52  
 
9.21 283% 
New Kent               1,146,370.84  
 
4.41 277% 
Nottoway                  581,233.09  
 
2.24 143% 
Powhatan                  316,041.04  
 
1.22 50% 
Prince George                  793,032.39  
 
3.05 95% 
Richmond Total               4,478,033.62  
 
17.24 23% 
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Table 78. Variance – Baseline vs. Geographic Outcome Equity Scenario – Salem District 
 
  
Variance - Baseline vs. Geographic Outcome Equity Scenario Salem District 
County Change in Allocations 
 
Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Bedford                  235,505.61  
 
1.13 15% 
Botetourt               1,793,284.79  
 
8.61 209% 
Carroll                   87,213.16  
 
0.42 10% 
Craig                   95,138.97  
 
0.46 49% 
Floyd                   87,328.00  
 
0.42 17% 
Franklin                  -51,120.61 
 
-0.25 -4% 
Giles                  597,412.35  
 
2.87 156% 
Henry                  -87,230.86 
 
-0.42 -7% 
Montgomery                  471,638.76  
 
2.26 66% 
Patrick                 -427,312.61 
 
-2.05 -64% 
Pulaski                 -201,475.78 
 
-0.97 -31% 
Roanoke                 -785,937.08 
 
-3.77 -47% 
Salem total               1,814,444.70  
 
8.71 17% 
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Table 79. Variance – Baseline vs. Geographic Outcome Equity Scenario – Staunton District 
 
  
Variance - Baseline vs. Geographic Outcome Equity Scenario - Staunton District 
County Change in Allocations 
 
Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
 Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Alleghany                  315,547.76  
 
1.38 84% 
Augusta                 -609,704.08 
 
-2.67 -36% 
Bath                  -32,403.16 
 
-0.14 -13% 
Clarke                  287,826.16  
 
1.26 78% 
Frederick               2,080,620.27  
 
9.12 141% 
Highland                  -66,406.21 
 
-0.29 -27% 
Page                 -229,515.56 
 
-1.01 -47% 
Rockbridge                  818,968.70  
 
3.59 117% 
Rockingham                 -393,312.63 
 
-1.72 -26% 
Shenandoah               1,148,227.82  
 
5.03 143% 
Warren                  642,713.62  
 
2.82 133% 
Staunton Total               3,962,562.69  
 
17.36 47% 
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Table 80. Variance – Baseline vs. Geographic Outcome Equity Scenario – Hampton Roads 
District 
 
  
Variance - Baseline vs. Geographic Outcome Equity Scenario – Hampton Roads District                                             
County Change in Allocations 
 
Geographic Outcome 
Equity Scenario 
Secondary Roadway 
Miles Impacted vs. 
Baseline Secondary 
Roadway Miles  
Percent Change 
Secondary Roadway 
Miles Impacted 
(Baseline / Geographic 
Market Equity Scenario 
-1) 
Accomack                  391,994.44  
 
1.53 43% 
Greensville                   78,417.07  
 
0.31 18% 
Isle of Wight                  697,855.91  
 
2.73 106% 
James City                  974,386.53  
 
3.81 90% 
Suffolk              -1,221,211.06 
 
-4.78 -91% 
Northampton                 -288,389.76 
 
-1.13 -76% 
Southampton               1,648,838.89  
 
6.45 227% 
Surry                  148,020.58  
 
0.58 49% 
Sussex               1,831,886.13  
 
7.17 332% 
York                  314,299.01  
 
1.23 27% 
Hampton Roads 
Total               4,576,097.75  
 
17.90 60% 
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Appendix H 
Virginia Transportation Allocation History 
During the 1932 legislative session, the Virginia General Assembly passed what became 
known as the “Byrd Road Act” creating the secondary system of State highways.  The basis for 
creating the secondary system was primarily to benefit from economies of scale and to eliminate 
duplication of effort (staff, facilities and equipment) by state and local road agencies (VDOT, 
History of Roads, p 174).   
Yet, it was not until 1977 with Article 1.1, Section 33.1-23.1 of Chapter 578, Code of 
Virginia, that Virginia’s highway allocations to the urban, secondary, and interstate highway 
systems were established (Equity of the Current Provisions for Allocating Highway and 
Transportation Funds in Virginia, 2006).  The General Assembly undertook a major review and 
revision of the way in which highway construction funds were allocated.  This was the first 
major revision since, 1962 (House Document No. 11) which also defined a formula for 
construction funds remaining after administrative and general expenses were to be distributed. 
However, due to county concerns, the Senate passed two joint resolutions (SJR 20 and 
SJR 50) in the early 1980’s to further study possible revisions to Virginia’s allocation formula.  
The two prominent commissions that influenced the creation of the 1986 allocation formula were 
the Stone Commission and the Manning Commission. 
The 1962 Stone Commission, named after the commission’s chairman William F. Stone 
of Martinsville, was charged with examining and evaluating highway needs, revenue fund 
distribution procedures, and the organization of the Department of Highways (History of Roads 
in Virginia, 2001).  As a result of the 1963 Stone commission report, the General Assembly 
established the urban street system as a separate entity for the distribution of Virginia’s highway 
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funds.  The General Assembly directed that the urban system was to receive a minimum of 
fourteen percent of all revenues exclusive of federal interstate funds.  The General Assembly 
further directed that eighty-five percent of the cost of building improvements on the urban 
system was to be paid by state and federal highway funds with the local governments providing 
the remaining fifteen percent (History of Roads in Virginia, 2001).   
Because rural areas argued the Stone Commission report unduly focused highway 
funding to the urban areas, the 1984 Manning Commission was constructed to bridge the 
variance in urban and rural allocation perspective between JLARC and VDHT with its proposed 
allocation table to use.  The major points of Manning Commission’s proposal were: 
1. Unpaved roads would receive 5.67% of funds available for construction.  Also, 
VDHT would focus priority on roads with more than 50 vehicles per day.  Under this 
proposed formula 5.67 percent of the money was to come off the top for hard-
surfaced dirt roads. 
2. City streets would receive $4,290 per lane mile for functionally classified collectors 
and $7,307 per lane mile for arterials. 
3. The counties of Arlington and Henrico would be paid at the rates proposed by 
JLARC.  
4. The systems allocations should be 40% to the Primary System, 30% to the Secondary 
System, and 30% to the Urban System instead of the JLARC proposed 30-30-30 
allocation.  Note, the current VDHT formula under review was 50-25-25.   
5. Change the existing Primary System allocation formula from 70% vehicle miles 
traveled (VMT), 20% lane miles, and 10% needs to be based on 70% VMT, 25% lane 
miles, and 5% needs.  Also, an allocation system was also proposed for distribution of 
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maintenance funds with the primary and secondary systems, and for distribution of 
maintenance funds to cities, towns, and counties that had withdrawn from the state 
secondary system, namely Henrico and Arlington. 
When the SJR-20 subcommittee reconvened on January 9
th
, 1985, it adopted the Manning 
Commission’s proposal by a 10 to 4 vote.  The four dissenting votes came from rural 
representatives who continued to argue that the newly adopted Manning Commission proposal 
unfairly benefited urban areas.   
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